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ADVANCED DEWATERING SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the invention . 

[0001] The present invention relates to a paper machine, and, more 
particularly, to an advanced dewatering system of a paper machine. The 
invention also provides a method and apparatus for manufacturing a tissue or 
hygiene paper web that is less expensive, with regard to invested capital cost 
and ongoing operation costs, than a Through Air Drying process (TAD process). 
The process according to the invention can easily be used to retrofit existing 
paper machines and can also be used for new machines. This can occur at a 
much lower cost that purchasing a new TAD machine. The quality of the web in 
terms of absorbency and calliper is made similar to that produced by the TAD 
process. 

2. Description of the related art . 

[0002] In a wet pressing operation, a fibrous web sheet is compressed at 

a press nip to the point where hydraulic pressure drives water out of the fibrous 
web. It has been recognized that conventional wet pressing methods are 
inefficient in that only a small portion of a roll's circumference is used to process 
the paper web. To overcome this limitation, some attempts have been made to 
adapt a solid impermeable belt to an extended ni p for pressing the paper web 
and dewater the paper web. A problem with such an approach is that the 
impermeable belt prevents the flow of a drying fluid, such as air through the 
paper web. Extended nip press (ENP) belts are used throughout the paper 
industry as a way of increasing the actual pressing dwell time in a press nip. A 
shoe press is the apparatus that provides the ability of the ENP belt to have 
pressure applied therethrough, by having a stationary shoe that is configured to 
the curvature of the hard surface being pressed, for example, a solid press roll. 
In this way, the nip can be extended 120 mm for tissue, up to 250 mm for flat 
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papers beyond the limit of the contact between the press rolls themselves. An 
ENP belt serves as a roll cover on the shoe press. This flexible belt is lubricated 
on the inside by an oil shower to prevent frictional damage. The belt and shoe 
press are non -permeable members and dewatering of the fibrous web is 
accomplished almost exclusively by the mechanical pressing ther eof . 

[0003] It is known in the prior art to utilize a through air drying process 

(TAD) for drying webs, especially tissue webs to reduce mechanical pressing. 
Huge TAD-cylinders are necessary, however, and as well as a complex air 
supply and heating system. This system requires a high operating expense to 
reach the necessary dryness of the web before it is transferred to a Yankee 
Cylinder, which drying cylinder dries the web to its end dryness of approximately 
96%. On the Yankee surface, also, the crep ing takes place through a creping 
doctor. 

[0004] The machinery of the TAD system is a very expensive and costs 

roughly double that of a conventional tissue machine. Also, the operational 
costs are high, because with the TAD process, it is necessary to d ry the web to a 
higher dryness level than it would be appropriate with the through air system in 
respect of the drying efficiency. The reason therefore is the poor CD moisture 
profile produced by the TAD system at low dryness level. The moisture CD 
profile is only acceptable at high dryness levels up to 60%. At over 30%, the 
impingement drying by the Hood/Yankee is much more efficient. 

[0005] The max web quality of a conventional tissue manufacturing 
process are as follows: the bulk of the produced tissu e web is less than 9 cm 3 /g. 
The water holding capacity (measured by the basket method) of the produced 
tissue web is less than 9 (g H 2 0 / g fiber). 
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[0006] The advantage of the TAD system, however, results in a very high 

web quality especially with regard to high bulk of 10-16, water holding capacity 
of 10-16. With this high bulk, the jumbo roll weight is almost 60% of a 
conventional jumbo roll. Considering that 70% of the paper production cost are 
the fibers and that the capital investment for this mac hine is approximately 40% 
lower than for a TAD machine, the potential for this concept is evident. 

[0007] WO 03/062528 (and corresponding published US patent 
application No. US 2003/0136018, whose disclosures are hereby expressly 
incorporated by reference in their entireties), for example, disclose a method of 
making a three dimensional surface structured web wherein the web exhibits 
improved caliper and absorbency. This document discusses the need to 
» improve dewatering with a specially designed advanced dewatering system. 
The system uses a Belt Press which applies a load to the back side of the 
structured fabric during dewatering. The structured fabric is permeable and can 
be a permeable ENP belt in order to promote vacuum and pressing dewatering 
simultaneously. However, such a system has disadvantages such as a limited 
open area. 

[0008] The wet molding process disclosed in WO 03/062528 speaks to 

running a structured fabric in the standard Crescent Former press fabric position 
as part of the manufacturing process for making a three dimensional surface 
structured web. 

[0009] The function of the TAD drum and the through -air system consists 
of drying the web and, for this reason, the above mentioned alternative drying 
apparatus (third pressure field) i s preferable, since the third pressure field can 
be retrofitted to or included in a conventional machine at lower cost than TAD. 
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[0010] To achieve the desired dryness, in accordance with an 

advantageous embodiment of the method disclosed therein, at leas t one felt with 
a foamed layer wrapping a suction roll is used for dewatering the web. In this 
connection, the foam coating can in particular be selected such that the mean 
pore size in a range from approximately 3 to approximately 6 pm results. The 
corresponding capillary action is therefore utilized for dewatering. The felt is 
provided with a special foam layer which gives the surface very small pores 
whose diameters can lie in the range set forth from approximately 3 to 
approximately 6 pm. The air pe rmeability of this felt is very low. The natural 
capillary action is used for dewatering the web while this is in contact with the 
felt. 

[0011] In accordance with an advantageous embodiment of the method 

disclosed therein, a so-called SPECTRA membrane is used for dewatering the 
web, said SPECTRA membrane preferably being laminated or otherwise 
attached to an air distribution layer, and with this SPECTRA membrane 
preferably being used together with a conventional, in particular, woven, fabric. 
This document also discloses the use of an ant -rewetting membrane. 

[0012] The inventors have shown, that these suggested solutions, 

especially the use of the specially designed dewatering fabrics, improve the 
dewatering process, but the gains were not sufficient t o support high speed 
operation. What is needed is a more efficient dewatering system, which is the 
subject of this disclosure. 

SUMMARY OF THE INVENTION 
[0013] The present invention aims to improve the overall efficiency of the 
drying process, so that higher machine speeds can be realized and can be 
closer to the speeds of existing TAD machines. The invention also provides for 
an increased pressure field 3, i.e., a main drying region of a press arrangement, 
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so that the sheet or web exiting this region ex its with a sheet solids level in a 
way that does not negatively impact sheet quality. 

[0014] The invention thus relates to an Advanced Dewatering System 
(ADS). It also relates to a method and apparatus for drying a web, especially a 
tissue or hygiene web which utilizes any number of related fabrics. It also 
utilizes a permeable fabric and/or a permeable Extended Nip Press (ENP) belt 
that rides over a drying apparatus (such as, e.g., suction roll). The system 
utilizes pressure as well as a dewatering fa brie which can be used to dewater 
the web around a suction roll. Such features are utilized in new ways to 
manufacture a high quality tissue or hygiene web. 

[0015] The permeable extended nip press (ENP) belt may comprise at 
least one spiral link belt. An open area of the at least one spiral link fabric may 
be between approximately 30% and approximately 85%, and a contact area of 
the at least one spiral link fabric may be between approximately 15% and 
approximately 70%. The open area may be between appr oximately 45% and 
approximately 85%, and the contact area may be between approximately 15% 
and approximately 55%. The open area may be between approximately 50% 
and approximately 65%, and the contact area may be between approximately 
35% and approximately 50%. 

[0016] At least one main aspect of the invention is a method for 
dewatering a sheet. The sheet is carried into a main pressure field on a 
structured fabric where it comes in contact with a special designed dewatering 
fabric that is running aroun d and/or over a suction device (e.g., around a suction 
roll). A negative pressure is applied to the back side of the dewatering fabric 
such that the air flows first through the structured fabric then through the web, 
and then through the special designed dewatering fabric into suction device. 



-5 



WO 2005/075736 



PCT/EP2005/050198 



[0017] Non-limiting examples or aspects of the dewatering fabric are as 
follows. One preferred structure is a traditional needle punched press fabric, 
with multiple layers of bat fiber, wherein the bat fiber ranges from between 
approximately 0.5 dtex to approximately 22 dtex. The dewatering fabric can 
include a combination of different dtex fibers. It can also preferably contain an 
adhesive to supplement fiber to fiber or fiber to substructure (base cloth) or 
particle to fiber or particle to substructure (base cloth) bonding, for example, low 
melt fibers or particles, and/or resin treatments. Acceptable bonding with 
melting fibers can be achieved by using adhesive which is equal to or greater 
than approximately 1% of the total cloth weight, preferably equal to or greater 
than approximately 3%, and most preferably equal to or greater than 
approximately 5%. These melting fibers, for example, can be made from one 
component or can contain two or more components. All of these fibers can have 
different shapes and at least one of these components can have an essentially 
lower melting point than the standard material for the cloth. The dewatering 
fabric may be a thin structure which is preferably less than approximately 1 .50 
mm thick, or more preferably less than approximately 1.25 mm, and most 
preferably less than approximately 1 .0 mm. The dewatering fabric can include 
weft yarns which can be multifilament yams usually twisted/plied. The weft 
yams can also be solid mono strands usually less than approximately 0.30 mm 
diameter, preferably approximately 0.20 mm in diameter, or as low as 
approximately 0.10 mm in diameter. The weft yarns can be a single strand, 
twisted or cabled, or joined side by side, or a flat shape. The dewatering fabric 
can also utilize warp yams which are monofilament and which have a diameter 
of between approximately 0.30 mm and approximately 0.10 mm. They may be 
twisted or single filaments which can preferably be approximately 0.20 mm in 
diameter. The dewatering fabric can be needled punched with straight through 
drainage channels, and may preferably utilize a generally uniform needling. The 
dewatering fabric can also include an optional thin hydrophobic layer applied to 
one of its surfaces with, e.g., an air perm of between approximately 5 to 
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approximately 100 cfm, and preferably approximately 19 cfm or higher, most 
preferably approximately 35 cfm or higher. The mean pore diameter can be in 
the range of between approximately 5 to approximate! y 75 microns, preferably 
approximately 25 microns or higher, more preferably approximately 35 microns 
or higher. The dewatering fabric can be made of various synthetic polymeric 
materials, or even wool, etc., and can preferably be made of polyamides such 
as, e.g., Nylon 6. 

[0018] An alternative structure for the dewatering fabric can be a woven 
base cloth laminated to an anti -rewet layer. The base cloth is woven endless 
structure using between approximately 0.10 mm and approximately 0.30 mm, 
and preferably approximately 0.20 mm diameter monofilament warp yams (cross 
machine direction yarns on the paper machine) and a combination multifilament 
yarns usually twisted/plied. The yarns can also be solid mono strands usually 
less than approximately 0.30 mm d iameter, preferably approximately 0.20 mm in 
diameter, or as low as approximately 0.10 mm in diameter. The weft yarns can 
be a single strand, twisted or cabled, joined side by side, or a flat shape weft 
(machine direction yarns on the paper machine). The base fabric can be 
laminated to an anti -rewet layer, which preferably is a thin elastomeric cast 
permeable membrane. The permeable membrane can be approximately 1.05 
mm thick, and preferably less than approximately 1 .05 mm. The purpose of the 
thin elastomeric cast membrane is to prevent sheet rewet by providing a buffer 
layer of air to delay water from traveling back into the sheet, since the air needs 
to be moved before the water can reach the sheet. The lamination process can 
be accomplished by either melting the elastomeric membrane into the woven 
base cloth, or by needling two or less thin layers of bat fiber on the face side 
with two or less thin layers of bat fiber on the back side to secure the two layers 
together. An optional thin hydrophobic la yer can be applied to the surface. This 
optional layer can have an air perm of approximately 130 cfm or lower, 
preferably approximately 100 cfm or lower, and most preferably approximately 
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80 cfm or lower. The belt may have a mean pore diameter of approxi mately 140 
microns or lower, more preferably approximately 100 microns or lower, and most 
preferably approximately 60 microns or lower. 

[0019] Another alternative structure for the dewatering fabric utilizes an 
anti-rewet membrane which includes a thin woven multifilament textile cloth 
laminated to a thin perforated hydrophobic film, with an air perm of 35 cfm or 
less, preferably 25 cfm or less, with a mean pore size of 15 microns. According 
to a further preferred embodiment of the invention, the dewater ing fabric is a felt 
with a batt layer. The diameter of the batt fibers of the lower fabric are equal to 
or less than approximately 1 1 dtex, and can preferably be equal to or lower than 
approximately 4.2 dtex, or more preferably be equal to or less than 
approximately 3.3 dtex. The batt fibers can also be a blend of fibers. The 
dewatering fabric can also contain a vector layer which contains fibers from 
approximately 67 dtex, and can also contain even courser fibers such as, e.g., 
approximately 100 dtex, approximately 140 dtex, or even higher dtex numbers. 
This is important for the good absorption of water. The wetted surface of the 
batt layer of the dewatering fabric and/or of the dewatering fabric itself can be 
equal to or greater than approximately 35 m 2 /m 2 felt area, and can preferably be 
equal to or greater than approximately 65 m 2 /m 2 felt area, and can most 
preferably be equal to or greater than approximately 100 m 2 /m 2 felt area. The 
specific surface of the dewatering fabric should be equal to or g reater than 
approximately 0.04 m 2 /g felt weight, and can preferably be equal to or greater 
than approximately 0.065 m 2 /g felt weight, and can most preferably be equal to 
or greater than approximately 0.075 m 2 /g felt weight. This is important for the 
good absorption of water. The dynamic stiffness K* [N/mm] as a value for the 
compressibility is acceptable if less than or equal to 100,000 N/mm, preferable 
compressibility is less than or equal to 90,000 N/mm, and most preferably the 
compressibility is less than or equal to 70,000 N/mm. The compressibility 
(thickness change by force in mm/N) of the dewatering fabric is higher than that 
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of the upper fabric. This is also important in order to dewater the web efficiently 
to a high dryness level. 

[0020] The dewatering fabric may also preferably utilize vertical flow 
channels. These can be created by printing polymeric materials on to the fabric. 
They can also be created by a special weave pattern which uses low melt yarns 
that are subsequently thermoformed to create channels and air blocks to prevent 
leakage. Such structures can be needle punched to provide surface 
enhancements and wear resistance. 

[0021] The fabrics used for the dewatering fabric can also be 

seamed/joined on the machine socked on when the fabrics are already joined. 
The on-machine seamed/joined method does not interfere with the dewatering 
process. 

[0022] The surface of the dewatering fabrics described in this application 

can be modified to alter surface energy. They can also have blocke d in-plane 
flow properties in order to force exclusive z -direction flow. 

[0023] The invention also provides for system for drying a tissue or 

hygiene web, wherein the system comprises a permeable structured fabric 
carrying the web over a drying apparatu s, a permeable dewatering fabric 
contacting the web and being guided over the drying apparatus, and a 
mechanism for applying pressure to the permeable structured fabric, the web, 
and the permeable dewatering fabric at the drying apparatus. 

[0024] The invention also takes advantage of the fact that the mass of 
fibers remain protected within the body (valleys) of the structured fabric and 
there is only a slightly pressing which occurs between the prominent points of 
the structured fabric (valleys). These v alleys are no too deep so as to avoid 
deforming the fibers of the sheet plastically and to avoid negatively impacting 
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the quality of the paper sheet, but no so shallow so as to take -up the excess 
water out of the mass of fibers. Of course, this is depende nt on the softness, 
compressibility and resilience of the dewatering fabric. 

[0025] The permeable structured fabric may comprise a permeable 
Extended Nip Press (ENP) belt and the drying apparatus may comprise a 
suction or vacuum roll. The drying apparat us may comprise a suction roll. The 
drying apparatus may comprise a suction box. The drying apparatus may apply 
a vacuum or negative pressure to a surface of the permeable dewatering fabric 
which opposite to a surface of the permeable dewatering fabric w hich contacts 
the web. The system may be structured and arranged to cause an air flow first 
through the permeable structured fabric, then through the web, then through the 
permeable dewatering fabric and into drying apparatus. 

[0026] The permeable dewatering fabric may comprise a needle punched 
press fabric with multiple layers of bat fiber. The permeable dewatering fabric 
mat comprise a needle punched press fabric with multiple layers of bat fiber, and 
wherein the bat fiber ranges from between approxim ately 0.5 dtex to 
approximately 22 dtex. The permeable dewatering fabric may comprise a 
combination of different dtex fibers. According to a further preferred 
embodiment of the invention, the permeable dewatering fabric is a felt with a batt 
layer. The diameter of the batt fibers of the lower fabric are equal to or less than 
approximately 11 dtex, and can preferably be equal to or lower than 
approximately 4.2 dtex, or more preferably be equal to or less than 
approximately 3.3 dtex. The batt fibers can a Iso be a blend of fibers. The 
permeable dewatering fabric can also contain a vector layer which contains 
fibers from approximately 67 dtex, and can also contain even courser fibers such 
as, e.g., approximately 100 dtex, approximately 140 dtex, or even hig her dtex 
numbers. This is important for the good absorption of water. The wetted surface 
of the batt layer of the permeable dewatering fabric and/or of the permeable 
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dewatering fabric itself can be equal to or greater than approximately 35 m 2 /m 2 
felt area, and can preferably be equal to or greater than approximately 65 m 2 /m 2 
felt area, and can most preferably be equal to or greater than approximately 100 
m 2 /m 2 felt area. The specific surface of the permeable dewatering fabric should 
be equal to or greater than approximately 0.04 m 2 /g felt weight, and can 
preferably be equal to or greater than approximately 0.065 m 2 /g felt weight, and 
can most preferably be equal to or greater than approximately 0.075 m 2 /g felt 
weight. This is important for the good absor ption of water. The dynamic stiffness 
K* [N/mm] as a value for the compressibility is acceptable if less than or equal 
to 100,000 N/mm, preferable compressibility is less than or equal to 90,000 
N/mm, and most preferably the compressibility is less than o r equal to 70,000 
N/mm. The compressibility (thickness change by force in mm/N) of the 
permeable dewatering fabric is higher than that of the upper fabric. This is also 
important in order to dewater the web efficiently to a high dryness level. 

[0027] The permeable dewatering fabric may comprise batt fibers and an 
adhesive to supplement fiber to fiber bonding. The permeable dewatering fabric 
may comprise batt fibers which include at least one of low melt fibers or particles 
and resin treatments. The pe rmeable dewatering fabric may comprise a 
thickness of less than approximately 1 .50 mm thick. The permeable dewatering 
fabric may comprise a thickness of less than approximately 1.25 mm thick. The 
permeable dewatering fabric may comprise a thickness of le ss than 
approximately 1 .00 mm thick. 

[0028] The permeable dewatering fabric may comprise weft yarns. The 
weft yarns may comprise multifilament yarns which are twisted or plied. The weft 
yarns may comprise solid mono strands which are less than approxim ately 0.30 
mm diameter. The weft yarns may comprise solid mono strands which are less 
than approximately 0.20 mm diameter. The weft yarns may comprise solid mono 
strands which are less than approximately 0.10 mm diameter. The weft yarns 
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may comprise one of single strand yarns, twisted yarns, cabled yarns, yarns 
which are joined side by side, and yarns which are generally flat shaped. 

[0029] The permeable dewatering fabric may comprise warp yarns. The 

warp yarns may comprise monofilament yarns having a diameter of between 
approximately 0.30 mm and approximately 0.10 mm. The warp yarns may 
comprise twisted or single filaments which are approximately 0.20 mm in 
diameter. The permeable dewatering fabric may be needled punched and may 
include straight through drainage channels. The permeable dewatering fabric 
may be needled punched and utilizes a generally uniform needling. The 
permeable dewatering fabric may comprise a base fabric and a thin hydrophobic 
layer applied to a surface of the base fabric. Th e permeable dewatering fabric 
may comprise an air permeability of between approximately 5 to approximately 
100 cfm. The permeable dewatering fabric may comprise an air permeability 
which is approximately 19 cfm or higher. The permeable dewatering fabric may 
comprise an air permeability which is approximately 35 cfm or higher. The 
permeable dewatering fabric may comprise a mean pore diameter in the range of 
between approximately 5 to approximately 75 microns. The permeable 
dewatering fabric may comprise a mean pore diameter which is approximately 
25 microns or higher. The permeable dewatering fabric may comprise a mean 
pore diameter which is approximately 35 microns or higher. 

[0030] The permeable dewatering fabric may comprise at least one 
synthetic polymeric material. The permeable dewatering fabric may comprise 
wool. The permeable dewatering fabric may comprise a polyamide material. 
The polyamide material may be Nylon 6. The permeable dewatering fabric may 
comprise a woven base cloth which is lam inated to an anti-rewet layer. The 
woven base cloth may comprise a woven endless structure which includes 
monofilament warp yarns having a diameter of between approximately 0.10 mm 
and approximately 0.30 mm. The diameter may be approximately 0.20 mm. Th e 
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woven base cloth may comprise a woven endless structure which includes 
multifilament yarns which are twisted or plied. The woven base cloth may 
comprise a woven endless structure which includes multifilament yarns which 
are solid mono strands of less th an approximately 0.30 mm diameter. The solid 
mono strands may be approximately 0.20 mm diameter. The solid mono strands 
may be approximately 0.10 mm diameter. 

[0031] The woven base cloth may comprises a woven endless structure 
which includes weft yarns . The weft yarns may comprise one of single strand 
yarns, twisted or cabled yarns, yarns which are joined side by side, and flat 
shape weft yarns. The permeable dewatering fabric may comprise a base fabric 
layer and an anti-rewet layer. The anti-rewet layer may comprise a thin 
elastomeric cast permeable membrane. The elastomeric cast permeable 
membrane may be equal to or less than approximately 1.05 mm thick. The 
elastomeric cast permeable membrane may be adapted to form a buffer layer of 
air so as to delay water from traveling back into the web. The anti -rewet layer 
and the base fabric layer may be connected to each other by lamination. 
[0032] The invention also provides for a method of connecting the 

anti-rewet layer and the base fabric layer descri bed above, wherein the method 
comprises melting a thin elastomeric cast permeable membrane into the base 
fabric layer. The invention also provides for a method of connecting the 
anti-rewet layer and the base fabric layer of type described above, wherein t he 
method comprises needling two or less thin layers of bat fiber on a face side of 
the base fabric layer with two or less thin layers of bat fiber on a back side of the 
base fabric layer. The method may further comprise connecting a thin 
hydrophobic layer to at least one surface. 

[0033] The invention also provides for a system for drying a web, wherein 

the system comprises a permeable structured fabric carrying the web over a 
vacuum roll, a permeable dewatering fabric contacting the web and being guided 
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over the vacuum roll, and a mechanism for applying pressure to the permeable 
structured fabric, the web, and the permeable dewatering fabric at the vacuum 
roll. 

[0034] The mechanism may comprise a hood which produces an 

overpressure. The mechanism may comprise a belt press. The belt press may 
comprise a permeable belt. The invention also provides for a method of drying a 
web using the system described above, wherein the method comprises moving 
the web on the permeable structured fabric over the vacuum roll, guiding the 
permeable dewatering fabric in contact with the web over the vacuum roll, 
applying mechanical pressure to the permeable structured fabric, the web, and 
the permeable dewatering fabric at the vacuum roll, and suctioning during the 
applying, with the vacuum roll, the permeable structured fabric, the web, and the 
permeable dewatering fabric. 

[0035] Rather than relying on a mechanical shoe for pressing, the 

invention allows for the use a permeable belt as the pressing element. The belt 
is tensioned against a suction roll so as to form a Belt Press. This allows for a 
much longer press nip, i.e., approximately ten times longer, which results in a 
much lower peak pressures, i.e., approximately 20 times lower. It also has the 
great advantage of allowing air flow through the web, and into the press nip 
itself, which is not the case with typical Shoe Presses. With the low peak 
pressure with the air flow and the soft surface of the dewatering fabric, a slight 
pressing and dewatering occurs also in the protected area between the 
prominent points of the structured fabric, but not so deep so as to avoid 
deforming the fibrous sheet plastically and avoiding a reduction in sheet quality. 

[0036] The present invention also provides for a specially des igned 
permeable ENP belt which can be used on a Belt Press in an advanced 
dewatering system or in an arrangement wherein the web is formed over a 
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structured fabric. The permeable ENP belt can also be used in a No Press / Low 
press Tissue Flex process and with a link fabric. 

[0037] The present invention also provides a high strength permeable 

press belt with open areas and contact areas on a side of the belt. 

[0038] The invention comprises, in one form thereof, a belt press including 
a roll having an exterior surface and a permeable belt having a side in pressing 
contact over a portion of the exterior surface of the roll. The permeable belt 
having a tension of at least approximately 30 KN/m applied thereto. The side of 
the permeable belt having an open area of at least approximately 25%, and a 
contact area of at least approximately 10% , preferably of at least 25 % . 

[0039] An advantage of the present invention is that it allows substantial 

airflow therethrough to reach the fibrous web for the removal of water by way of 
a vacuum, particularly during a pressing operation. 

[0040] Another advantage is that the permeable belt allows a significant 
tension to be applied thereto. 

[0041] Yet another advantage is that the permeable belt has substantial 
open areas adjacent to contact areas along one side of the belt. 

[0042] Still yet another advantage of the present invention is that the 

permeable belt is capable of applying a line force over an extremely long nip, 
thereby ensuring a much long dwell time in whi ch pressure is applied against the 
web as compared to a standard shoe press. 

[0043] The invention also provides for a belt press for a paper machine, 
wherein the belt press comprises a roll comprising an exterior surface. A 
permeable belt comprises a fi rst side and being guided over a portion of the 
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exterior surface of the roll. The permeable belt has a tension of at least 
approximately 30 KN/m. The first side has an open area of at least 
approximately 25% a contact area of at least approximately 10% , preferably of at 
least approximately 25 % . 

[0044] The first side may face the exterior surface and the permeable belt 

may exert a pressing force on the roll. The permeable belt may comprise 
through openings. The permeable belt may comprise through open ings 
arranged in a generally regular symmetrical pattern. The permeable belt may 
comprises generally parallel rows of through openings, whereby the rows are 
oriented along a machine direction. The permeable belt may exert a pressing 
force on the roll in the range of between approximately 30 KPa and 
approximately 150 KPa. The permeable belt may comprise through openings 
and a plurality of grooves, each groove intersecting a different set of through 
openings. The first side may face the exterior surface a nd the permeable belt 
may exert a pressing force on the roll. The plurality of grooves may be arranged 
on the first side. Each of the plurality of grooves may comprise a width, and 
each of the through openings may comprise a diameter, and wherein the 
diameter is greater than the width. 

[0045] The tension of the belt is greater than approximately 50 KN/m. The 
roll may comprise a vacuum roll. The roll may comprise a vacuum roll having an 
interior circumferential portion. The vacuum roll may comprise a t least one 
vacuum zone arranged within said interior circumferential portion. The roll may 
comprise a vacuum roll having a suction zone. The suction zone may comprise 
a circumferential length of between approximately 200 mm and approximately 
2,500 mm. The circumferential length may be in the range of between 
approximately 800 mm and approximately 1,800 mm. The circumferential length 
may be in the range of between approximately 1,200 mm and approximately 
1,600 mm. The permeable belt may comprise at lea st one of a polyurethane 
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extended nip belt and a spiral link fabric. The permeable belt may comprise a 
polyurethane extended nip belt which includes a plurality of reinforcing yarns 
embedded therein. The plurality of reinforcing yarns may comprise a plur ality of 
machine direction yarns and a plurality of cross direction yarns. The permeable 
belt may comprise a polyurethane extended nip belt having a plurality of 
reinforcing yarns embedded therein, said plurality of reinforcing yarns being 
woven in a spiral link manner. The permeable belt may comprise a spiral link 
fabric. 

[0046] The belt press may further comprise a first fabric and a second 
fabric traveling between the permeable belt and the roll. The first fabric has a 
first side and a second side. The first side of the first fabric is in at least partial 
contact with the exterior surface of the roll. The second side of the first fabric is 
in at least partial contact with a first side of a fibrous web. The second fabric 
has a first side and a seco nd side. The first side of the second fabric is in at 
least partial contact with the first side of the permeable belt. The second side of 
the second fabric is in at least partial contact with a second side of the fibrous 
web. 

[0047] The first fabric may comprise a permeable dewatering belt. The 
second fabric may comprise a structured fabric. The fibrous web may comprise 
a tissue web or hygiene web. The invention also provides for a fibrous material 
drying arrangement comprising an endlessly circulat ing permeable extended nip 
press (ENP) belt guided over a roll. The ENP belt is subjected to a tension of at 
least approximately 30 KN/m. The ENP belt comprises a side having an open 
area of at least approximately 25% and a contact area of at least appro ximately 
10%, preferably of at least approximately 25 % . The first fabric can also be a 
link fabric. 

[0048] The invention also provides for a permeable extended nip press 
(ENP) belt which is capable of being subjected to a tension of at least 
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approximately 30 KN/m, wherein the permeable ENP belt comprises at least one 
side comprising an open area of at least approximately 25% and a contact area 
of at least approximately 10% , preferably of at least approximately 25 % . 

[0049] The open area may be defined by through openings and the 

contact area is defined by a planar surface. The open area may be defined by 
through openings and the contact area is defined by a planar surface without 
openings, recesses, or grooves. The open area may be defined by through 
openings and grooves, and the contact area is defined by a planar surface 
without openings, recesses, or grooves. The permeable ENP belt may comprise 
a spiral link fabric. In this case, the open area may be between approximately 
30% and approximately 85%, and the contact area may be between 
approximately 15% and approximately 70%. Preferably, the open area may be 
between approximately 45% and approximately 85%, and the contact area may 
be between approximately 15% and approximately 55%. Most preferably, the 
open area may be between approximately 50% and approximately 65%, and the 
contact area may be between approximately 35% and approximately 50%. The 
permeable ENP belt may comprise through openings arranged in a generally 
symmetrical pattern. The permeable ENP belt may comprise through openings 
arranged in generally parallel rows relative to a machine direction. The 
permeable ENP belt may comprise an endless circulating belt. 

[0050] The permeable ENP belt may comprise through openings and the 
at least one side of the permeable ENP belt may comprise a plurality of grooves, 
each of the plurality of grooves intersects a different set of through hole. Each 
of the plurality of grooves may comprise a width, and each of the through 
openings may comprise a diameter, and wherein the diameter is greater than the 
width. Each of the plurality of grooves extend into the permeable ENP belt by an 
amount which is less than a thickness of the permeable belt. 
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[0051] The tension may be greater than approximately 50 KN/m. The 

permeable ENP belt may comprise a flexible reinforced polyurethane member. 
The permeable ENP belt may comprise a flexible spiral link fabric. The 
permeable ENP belt may comprise a flexible polyurethane member having a 
plurality of reinforcing yarns embedded therein. The plurality of reinforcing 
yarns may comprise a plurality of machine direction yarns and a plurality of 
cross direction yarns. The permeable ENP belt may comprise a flexible 
polyurethane material and a plurality of reinforcing y arns embedded therein, said 
plurality of reinforcing yarns being woven in a spiral link manner. 

[0052] The invention also provides for a method of subjecting a fibrous 

web to pressing in a paper machine, wherein the method comprises applying 
pressure against a contact area of the fibrous web with a portion of a permeable 
belt, wherein the contact area is at least approximately 10% , preferably at least 
approximately 25 % of an area of said portion and moving a fluid through an 
open area of said permeable belt and through the fibrous web, wherein said 
open area is at least approximately 25% of said portion, wherein, during the 
applying and the moving, said permeable belt has a tension of at least 
approximately 30 KN/m. 

[0053] The contact area of the fibro us web may comprise areas which are 

pressed more by the portion than non -contact areas of the fibrous web. The 
portion of the permeable belt may comprise a generally planar surface which 
includes no openings, recesses, or grooves and which is guided over a roll. The 
fluid may comprises air. The open area of the permeable belt may comprise 
through openings and grooves. The tension may be greater than approximately 
50 KN/m. 

[0054] The method may further comprise rotating a roll in a machine 

direction, wherein said permeable belt moves in concert with and is guided over 
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or by said roll. The permeable belt may comprise a plurality of grooves and 
through openings, each of said plurality of grooves being arranged on a side of 
the permeable belt and intersecting with a different set of through openings. The 
applying and the moving may occur for a dwell time which is sufficient to 
produce a fibrous web solids level in the range of between approximately 25% 
and approximately 55%. Preferably, the solids level m ay be greater than 
approximately 30%, and most preferably it is greater than approximately 40%. 
These solids levels may be obtained whether the permeable belt is used on a 
belt press or on a No Press / Low Press arrangement. The permeable belt may 
comprises a spiral link fabric. 

[0055] The invention also provides for a method of pressing a fibrous web 
in a paper machine, wherein the method comprises applying a first pressure 
against first portions of the fibrous web with a permeable belt and a second 
greater pressure against second portions of the fibrous web with a pressing 
portion of the permeable belt, wherein an area of the second portions is at least 
approximately 10% preferably of at least approximately 25 % of an area of the 
first portions and moving air through open portions of said permeable belt, 
wherein an area of the open portions is at least approximately 25% of the 
pressing portion of the permeable belt which applies the first and second 
pressures, wherein, during the applying and the moving , said permeable belt 
has a tension of at least approximately 30 KN/m. 

[0056] The tension may be greater than approximately 50 KN/m. The 

method may further comprise rotating a roll in a machine direction, said 
permeable belt moving in concert with said roll. The area of the open portions 
may be at least approximately 50%. The area of the open portions may be at 
least approximately 70%. The second greater pressure may be in the range of 
between approximately 30 KPa and approximately 150 KPa. The movin g and 
the applying may occur substantially simultaneously. 
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[0057] The method may further comprise moving the air through the 
fibrous web for a dwell time which is sufficient to produce a fibrous web solids in 
the range of between approximately 25% and ap proximately 55%. 

[0058] The invention also provides for a method of drying a fibrous web in 
a belt press which includes a roll and a permeable belt comprising through 
openings, wherein an area of the through openings is at least approximately 
25% of an area of a pressing portion of the permeable belt, and wherein the 
permeable belt is tensioned to at least approximately 30 KN/m, wherein the 
method comprises guiding at least the pressing portion of the permeable belt 
over the roll, moving the fibrous web between the roll and the pressing portion of 
the permeable belt, subjecting at least approximately 10% preferably at least 
approximately 25 % of the fibrous web to a pressure produced by portions of the 
permeable belt which are adjacent to the through open ings, and moving a fluid 
through the through openings of the permeable belt and the fibrous web. 

[0059] The invention also provides for a method of drying a fibrous web in 
a belt press which includes a roll and a permeable belt comprising through 
openings and grooves, wherein an area of the through openings is at least 
approximately 25% of an area of a pressing portion of the permeable belt, and 
wherein the permeable belt is tensioned to at least approximately 30 KN/m, 
wherein the method comprises guiding at least the pressing portion of the 
permeable belt over the roll, moving the fibrous web between the roll and the 
pressing portion of the permeable belt, subjecting at least approximately 10 % 
preferably at least approximately 25% of the fibrous web to a pressure produced 
by portions of the permeable belt which are adjacent to the through openings 
and the grooves, and moving a fluid through the through openings and the 
grooves of the permeable belt and the fibrous web. 
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[0060] According to another aspect of the invention, there is provided a 
more efficient dewatering process, preferably for the tissue manufacturing 
process, wherein the web achieves a dryness in the range of up to about 40% 
dryness. The process according to the invention is less expensive in machinery 
and in operational costs, and provides the same web quality as the TAD 
process. The bulk of the produced tissue web according to the invention is 
greater than approximately 10 cm 3 /g, up to the range of between approximately 
14 cm 3 /g and approximately 16 cm 3 /g. The water holding capacity (measured by 
the basket method) of the produced tissue web according to the invention is 
greater than approximately 10 (g H 2 0 / g fiber), and up to the range of between 
approximately 14 (g H 2 0 / g fiber) and approximately 16 (g H 2 0 / g fiber). This 
also makes the whole drying process more efficient. 

[0061] The invention also provides a efficient dewatering device which 

could be utilized in combination with a TAD process. 

[0062] The invention thus provides for a new dewatering process, for thin 

paper webs, with a basis weight less than approximately 42 g/m 2 , preferably for 
tissue paper grades. The invention also provides for an apparatus which utilizes 
this process and also provides for elements with a key function for this process. 

[0063] A main aspect of the invention is a press system which includes a 
package of at least one upper (or first), at least one lower (or second) fabric and 
a paper web disposed therebetween. A first surface of a pressure pro ducing 
element is in contact with the at least one upper fabric. A second surface of a 
supporting structure is in contact with the at least one lower fabric and is 
permeable. A differential pressure field is provided between the first and the 
second surface, acting on the package of at least one upper and at least one 
lower fabric, and the paper web therebetween, in order to produce a mechanical 
pressure on the package and therefore on the paper web. This mechanical 
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pressure produces a predetermined hydraulic pressure in the web, whereby the 
contained water is drained. The upper fabric has a bigger roughness and/or 
compressibility than the lower fabric. An airflow is caused in the direction from 
the at least one upper to the at least one lower fabric th rough the package of at 
least one upper and at least one lower fabric and the paper web therebetween. 

[0064] Different possible modes and additional features are also provided. 

For example, the upper fabric may be permeable, and/or a so -called "structured 
fabric". By way of non -limiting examples, the upper fabric can be e.g., a TAD 
fabric, a membrane, a fabric, a printed membrane, or printed fabric. A lower 
fabric can include a permeable base fabric and a lattice grid attached thereto 
and which is made of polymer such as polyurethane. The lattice grid side of the 
fabric can be in contact with a suction roll while the opposite side contacts the 
paper web. The lattice grid can also be oriented at an angle relative to machine 
direction yarns and cross -direction yarns. The base fabric is permeable and the 
lattice grid can be a anti-rewet layer. The lattice can also be made of a 
composite material, such as an elastomeric material. The lattice grid can itself 
include machine direction yarns with the compo site material being formed 
around these yarns. With a fabric of the above mentioned type it is possible to 
form or create a surface structure that is independent of the weave patterns. 

[0065] The upper fabric may transport the web to and from the press 
system. The web can lie in the three -dimensional structure of the upper fabric, 
and therefore it is not flat but has also a three -dimensional structure, which 
produces a high bulky web. The lower fabric is also permeable. The design of 
the lower fabric is made to be capable of storing water. The lower fabric also 
has a smooth surface. The lower fabric is preferably a felt with a batt layer. The 
diameter of the batt fibers of the lower fabric are equal to or less than 
approximately 11 dtex, and can preferably be equal to or lower than 
approximately 4.2 dtex, or more preferably be equal to or less than 
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approximately 3.3 dtex. The bait fibers can also be a blend of fibers. The lower 
fabric can also contain a vector layer which contains fibers from appro ximately 
67 dtex, and can also contain even courser fibers such as, e.g., approximately 
100 dtex, approximately 140 dtex, or even higher dtex numbers. This is 
important for the good absorption of water. The wetted surface of the bait layer 
of the lower fabric and/or of the lower fabric itself can be equal to or greater than 
approximately 35 m 2 /m 2 felt area, and can preferably be equal to or greater than 
approximately 65 m 2 /m 2 felt area, and can most preferably be equal to or greater 
than approximately 100 m 2 /m 2 felt area. The specific surface of the lower fabric 
should be equal to or greater than approximately 0.04 m 2 /g felt weight, and can 
preferably be equal to or greater than approximately 0.065 m 2 /g felt weight, and 
can most preferably be equal to or greater than approximately 0.075 m 2 /g felt 
weight. This is important for the good absorption of water. The dynamic stiffness 
K* [N/mm] as a value for the compressibility is acceptable if less than or equal 
to 100,000 N/mm, preferable compressibility is I ess than or equal to 90,000 
N/mm, and most preferably the compressibility is less than or equal to 70,000 
N/mm. The compressibility (thickness change by force in mm/N) of the lower 
fabric is higher. This is also important in order to dewater the web effi ciently to a 
high dryness level. A hard surface would not press the web between the 
prominent points of the structured surface of the upper fabric. On the other hand, 
the felt should not be pressed too deep into the three -dimensional structure to 
avoid deforming the fibrous sheet plastically and to avoid loosing bulk and 
therefore quality, e.g., water holding capacity. 

[0066] The compressibility (thickness change by force in mm/N) of the 
upper fabric is lower than that of the lower fabric. The dynamic s tiffness K* 
[N/mm] as a value for the compressibility of the upper fabric can be more than 
or equal to 3,000 N/mm and lower than the lower fabric. This is important in 
order to maintain the three-dimensional structure of the web, i.e., to ensure that 
the upper belt is a stiff structure. 
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[0067] The resilience of the lower fabric should be considered. The 
dynamic modulus for compressibility G* [N/mm 2 ] as a value for the resilience of 
the lower fabric is acceptable if more than or equal to 0.5 N/mm 2 , preferable 
resilience is more than or equal to 2 N/mm 2 , and most preferably the resilience is 
more than or equal to 4 N/mm 2 . The density of the lower fabric should be equal 
to or higher than approximately 0.4 g/cm 3 , and is preferably equal to or higher 
than approximately 0.5 g/cm 3 , and is ideally equal to or higher than 
approximately 0.53 g/cm 3 . This can be advantageous at web speeds of greater 
than approximately 1000 m/min. A reduced felt volume makes it easier to take 
the water away from the felt by the air flow, i.e., to get the water through the felt. 
Therefore the dewatering effect is smaller. The permeability of the lower fabric 
can be lower than approximately 80 cfm, preferably lower than approximately 40 
cfm, and ideally equal to or lower than approxim ately 25 cfm. A reduced 
permeability makes it easier to take the water away from the felt by the air flow, 
i.e., to get the water through the felt. As a result, the re -wetting effect is smaller. 
A too high permeability, however, would lead to a too high air flow, less vacuum 
level for a given vacuum pump, and less dewatering of the felt because of the 
too open structure. 

[0068] The second surface of the supporting structure can be Hat and/or 
planar. In this regard, the second surface of the supporting structure can be 
formed by a flat suction box. The second surface of the supporting structure can 
preferably be curved. For example, the second surface of the supporting 
structure can be formed or run over a suction roll or cylinder whose diameter is, 
e.g., approximately g.t. 1 m or more for a machine 200" wide or 1.75 m wide. 
The suction device or cylinder may comprise at least one suction zone. It may 
also comprise two or more suction zones. The suction cylinder may also include 
at least one suction box with at least one suction arc. At least one mechanical 
pressure zone can be produced by at least one pressure field (i.e., by the 
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tension of a belt) or through the first surface by, e.g., a press element. The first 
surface can be an impermeable belt , but with an open surface toward the first 
fabric, e.g., a grooved or a blind drilled and grooved open surface, so that air 
can flow from outside into the suction arc. The first surface can be a permeable 
belt. The belt may have an open area of at least approximately 25%, preferably 
greater than approximately 35%, most preferably greater than approximately 
50%. The belt may have a contact area of at least approximately 10%, at least 
approximately 25%, and preferably up to approximately 50% in order to h ave a 
good pressing contact. 

[0069] In addition, the pressure field can be produced by a pressure 
element, such as a shoe press or a roll press. This has the following advantage: 
If a very high bulky web is not required, this option can be used to incre ase 
dryness and therefore production to a desired value, by adjusting carefully the 
mechanical pressure load. Due to the softer second fabric the web is also 
pressed at least partly between the prominent points (valleys) of the 
three-dimensional structure. The additional pressure field can be arranged 
preferably before (no re -wetting), after or between the suction area. The upper 
permeable belt is designed to resist a high tension of more than approximately 
30 KN/m, and preferably approximately 60 KN/m, or higher e.g., approximately 
80 KN/M. By utilizing this tension, a pressure is produced of greater than 
approximately 0.5 bars, and preferably approximately 1 bar, or higher, may be 
e.g., approximately 1.5 bar. The pressure "p" depends on the tension "S " and 
the radius "R" of the suction roll according to the well known equation, p=S/R. A 
bigger roll requires a higher tension to reach a given pressure target. The upper 
belt can also be a stainless steel and/or a metal band and/or a polymeric belt. 
The permeable upper belt can be made of a reinforced plastic or synthetic 
material. It can also be a spiral linked fabric. Preferably, the belt can be driven 
to avoid shear forces between the first and second fabrics and the web. The 
suction roll can also be driven. Both of these can also be driven independently. 
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[0070] The first surface can be a permeable belt supported by a 
perforated shoe for the pressure load. 

[0071] The air flow can be caused by a non -mechanical pressure field as 
follows: with an underpressure in a suction box of the suction roll or with a flat 
suction box, or with an overpressure above the first surface of the pressure 
producing element, e.g., by a hood, supplied with air, e.g., hot air of between 
approximately 50 degrees C and approximately 180 degrees C, and preferably 
between approximately 120 degrees C and approximately 150 degrees C, or 
also preferably steam. Such a higher temperature is especially important and 
preferred if the pulp temperature out of the headbox is less than about 35 
degrees C. This is the case for manufacturing processes without or with less 
stock refining. Of course, all or some of the above -noted features can be 
combined. 

[0072] The pressure in the hood can be less than approximately 0.2 bar, 
preferably less than approximately 0.1, most preferably less than approximately 
0.05 bar. The supplied air flow to the hood can be less or preferable equal to 
the flow rate sucked out of the suction roll by vacuum pumps. By way of non - 
limiting example, the supplied air flow per meter width to the hood can be 
approximately 140 m 3 /min can be at atmospheric pressure. The temperature of 
the air flow can be at approximately 115 degrees C. The flow rate sucked out of 
the suction roll with a vacuum pump can be approxim ately 500 m 3 /min with a 
vacuum level of approximately 0.63 bar at 25 degrees C. 

[0073] The suction roll can be wrapped partly by the package of fabrics 
and the pressure producing element, e.g., the belt, whereby the second fabric 
has the biggest wrapping arc "ai" and leaves the arc zone lastly. The web 
together with the first fabric leaves secondly, and the pressure producing 
element leaves firstly. The arc of the pressure producing element is bigger than 
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arc of the suction box. This is important, because at low dryness, the 
mechanical dewatering is more efficient than dewatering by airflow. The smaller 
suction arc "a 2 n should be big enough to ensure a sufficient dwell time for the air 
flow to reach a maximum dryness. The dwell time T should be g reater than 
approximately 40 ms, and preferably is greater than approximately 50 ms. For a 
roll diameter of approximately 1.2 m and a machine speed of approximately 1200 
m/min, the arc "a 2 w should be greater than approximately 76 degrees, and 
preferably greater than approximately 95 degrees. The formula is a 2 = [dwell 
time * speed * 360 / circumference of the roll] . 

[0074] The second fabric can be heated e.g., by steam or process water 
added to the flooded nip shower to improve the dewatering behavior. With a 
higher temperature, it is easier to get the water through the felt. The belt could 
also be heated by a heater or by the hood or steambox. The TAD -fabric can be 
heated especially in the case when the former of the tissue machine is a double 
wire former. This is because, if it is a crescent former, the TAD fabric will wrap 
the forming roll and will therefore be heated by the stock which is injected by the 
headbox. 

[0075] There are a number of advantages of this process describe herein. 
In the prior art TAD process, ten vacuum pumps are needed to dry the web to 
approximately 25% dryness. On the other hand, with the advanced dewatering 
system of the invention, only six vacuum pumps dry the web to approximately 
35%. Also, with the prior art TAD process, the web must be dried up with a TAD 
drum and air system to a high dryness level of between about 60% and about 
75%, otherwise a poor moisture cross profile would be created. This way lots of 
energy is wasted and the Yankee/Hood capacity is used o nly marginally. The 
system of the instant invention makes it possible to dry the web in a first step up 
to a certain dryness level of between approximately 30% to approximately 40%, 
with a good moisture cross profile. In a second stage, the dryness can b e 
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increased to an end dryness of more than approximately 90% using a 
conventional Yankee dryer combined the inventive system. One way to produce 
this dryness level, can include more efficient impingement drying via the hood on 
the Yankee. 

[0076] The invention also provides for a belt press for a paper machine, 
wherein the belt press comprises a roll comprising an exterior surface. A 
permeable belt comprises a first side and is guided over a portion of said 
exterior surface of the roll. The permeable be It has a tension of at least 
approximately 30 KN/m. The first side has an open area of at least 
approximately 25% and a contact area of at least approximately 10% , preferably 
of at least approximately 25 % . A web travels between the permeable belt and 
the exterior surface of the roll. 

[0077] The first side may face the exterior surface and the permeable belt 
may exert a pressing force on the roll. The permeable belt may comprise 
through openings. The permeable belt may comprise through openings 
arranged in a generally regular symmetrical pattern. The permeable belt may 
comprise generally parallel rows of through openings, whereby the rows are 
oriented along a machine direction. The permeable belt may exert a pressing 
force on the roll in the range of between approximately 30 KPa to approximately 
150 KPa. The permeable belt may comprise through openings and a plurality of 
grooves, each groove intersecting a different set of through openings. The first 
side may face the exterior surface and wherein sa id permeable belt exerts a 
pressing force on said roll. The plurality of grooves may be arranged on the first 
side. Each of said plurality of grooves may comprise a width, and wherein each 
of the through openings comprises a diameter, and wherein said di ameter is 
greater than said width. The tension of the belt may be greater than 
approximately 50 KN/m. The tension of the belt may be greater than 
approximately 60 KN/m. The tension of the belt may be greater than 



-29- 



WO 2005/075736 



PCT/EP2005/050198 



approximately 80 KN/m. The roll may com prise a vacuum roll. The roll may 
comprise a vacuum roll having an interior circumferential portion. The vacuum 
roll may comprise at least one vacuum zone arranged within said interior 
circumferential portion. The roll may comprise a vacuum roll having a suction 
zone. The suction zone may comprise a circumferential length of between 
approximately 200 mm and approximately 2,500 mm. The circumferential length 
may be in the range of between approximately 800 mm and approximately 1 ,800 
mm. The circumferential length may be in the range of between approximately 
1,200 mm and approximately 1,600 mm. 

[0078] The invention also provides for a fibrous material drying 

arrangement which comprises an endlessly circulating permeable extended nip 
press (ENP) belt gu ided over a roll. The ENP belt is subjected to a tension of at 
least approximately 30 KN/m. The ENP belt comprises a side having an open 
area of at least approximately 25% and a contact area of at least approximately 
10%, preferably of at least 25 % . A web travels between the ENP belt and the 
roll. 

[0079] The invention also provides for a permeable extended nip press 

(ENP) belt which is capable of being subjected to a tension of at least 
approximately 30 KN/m, wherein the permeable ENP belt comprises a t least one 
side comprising an open area of at least approximately 25% and a contact area 
of at least approximately 10% , preferably of at least approximately 25 % . 

[0080] The open area may be defined by through openings and the 
contact area may be defined by a planar surface. The open area may be 
defined by through openings and the contact area may be defined by a planar 
surface without openings, recesses, or grooves. The open area may be defined 
by through openings and grooves, and the contact area may be defined by a 
planar surface without openings, recesses, or grooves . The ENP belt may 
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comprise a spiral link fabric. The permeable ENP belt may comprise through 
openings arranged in a generally symmetrical pattern. The permeable ENP belt 
may comprise through openings arranged in generally parallel rows relative to a 
machine direction. The permeable ENP belt may comprise an endless 
circulating belt. The permeable ENP belt may comprise through openings and 
the at least one side of the permeable ENP bel t may comprise a plurality of 
grooves, each of said plurality of grooves intersecting a different set of through 
hole. Each of said plurality of grooves may comprise a width, and each of the 
through openings may comprise a diameter, and the diameter may b e greater 
than the width. Each of the plurality of grooves may extend into the permeable 
ENP belt by an amount which is less than a thickness of the permeable belt. 
The tension may be greater than approximately 50 KN/m. The permeable ENP 
belt may comprise a flexible spiral link fabric. The permeable ENP belt may 
comprise at least one spiral link fabric. The at least one spiral link fabric may 
comprise a synthetic material. The at least one spiral link fabric may comprise 
stainless steel. The permeable ENP belt may comprise a permeable fabric 
which is reinforced by at least one spiral link belt. 

[0081] The invention also provides for a method of drying a paper web in 
a press arrangement, wherein the method comprises moving the paper web, 
disposed between at least one first fabric and at least one second fabric, 
between a support surface and a pressure producing element and moving a fluid 
through the paper web, the at least one first and second fabrics, and the support 
surface. 

[0082] The invention also provides for a belt press for a paper machine, 
wherein the belt press comprises a vacuum roll comprising an exterior surface 
and at least one suction zone. A permeable belt comprises a first side and 
being guided over a portion of said exterior surfac e of said vacuum roll. The 
permeable belt has a tension of at least approximately 30 KN/m. The first side 
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has an open area of at least approximately 25% and a contact area of at least 
approximately 10%, preferably of at least approximately 25 % . A web travels 
between the permeable belt and the exterior surface of the roll. 

[0083] The at least one suction zone may comprise a circumferential 
length of between approximately 200 mm and approximately 2,500 mm. The 
circumferential length may define an arc o f between approximately 80 degrees 
and approximately 180 degrees. The circumferential length may define an arc of 
between approximately 80 degrees and approximately 130 degrees. The at 
least one suction zone may be adapted to apply vacuum for a dwell tim e which is 
equal to or greater than approximately 40 ms. The dwell time may be equal to or 
greater than approximately 50 ms. The permeable belt may exert a pressing 
force on said vacuum roll for a first dwell time which is equal to or greater than 
approximately 40 ms. The at least one suction zone may be adapted to apply 
vacuum for a second dwell time which is equal to or greater than approximately 
40 ms. The second dwell time may be equal to or greater than approximately 50 
ms. The first dwell time ma y be equal to or greater than approximately 50 ms. 
The permeable belt may comprise at least one spiral link fabric. The at least 
one spiral link fabric may comprise a synthetic material. The at least one spiral 
link fabric may comprise stainless steel. The at least one spiral link fabric may 
comprise a tension which is between approximately 30 KN/m and approximately 
80 KN/m. The tension may be between approximately 35 KN/m and 
approximately 50 KN/m. 

[0084] The invention also provides for a method of pressing and drying a 
paper web, wherein the method comprises pressing, with a pressure producing 
element, the paper web between at least one first fabric and at least one second 
fabric and simultaneously moving a fluid through the paper web and the at lea st 
one first and second fabrics. 
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[0085] The pressing may occur for a dwell time which is equal to or 
greater than approximately 40 ms. The dwell time may be equal to or greater 
than approximately 50 ms. The simultaneously moving may occur for a dwell 
time which is equal to or greater than approximately 40 ms. The dwell time may 
be equal to or greater than approximately 50 ms. The pressure producing 
element may comprise a device which applied a vacuum. The vacuum may be 
greater than approximately 0.5 bar. The vacuum may be greater than 
approximately 1 bar. The vacuum may be greater than approximately 1 .5 bar. 

[0086] With the system according to the invention, there is no need for 
through air drying. A paper having the same quality as produced on a TAD 
machine is generated with the inventive system utilizing the whole capability of 
impingement drying which is more efficient in drying the sheet from about 35% to 
more than about 90% solids. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0087] The above-mentioned and other features and advantages of this 

invention, and the manner of attaining them, will become more apparent and the 
invention will be better understood by reference to the following description of an 
embodiment of the invention taken in conjunction with the accompanying 
drawings, wherein: 

Figs. 1, 2, 2a and 3-8 shows cross -sectional schematic diagrams of 
various embodiments of advanced dewatering systems according to the present 
invention; 

Fig. 9 is a cross -sectional schematic diagram of an advan ced dewatering 
system with an embodiment of a belt press according to the present invention; 

Fig. 10 is a surface view of one side of a permeable belt of the belt press 
of Fig. 9; 

Fig. 1 1 is a view of an opposite side of the permeable belt of Fig. 10; 
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Fig. 12 is cross-section view of the permeable belt of Figs. 10 and 11; 
Fig. 13 is an enlarged cross -sectional view of the permeable belt of Figs. 

10-12; 

Fig. 13a is an enlarged cross -sectional view of the permeable belt of Figs. 
10-12 and illustrating optional triangular grooves; 

Fig. 13b is an enlarged cross -sectional view of the permeable belt of Figs. 
10-12 and illustrating optional semi -circular grooves; 

Fig. 13c is an enlarged cross -sectional view of the permeable belt of Figs. 
10-12 illustrating optional trapezoidal grooves; 

Fig. 14 is a cross -sectional view of the permeable belt of Fig. 11 along 
section line B-B; 

Fig. 15 is a cross -sectional view of the permeable belt of Fig. 11 along 
section line A-A; 

Fig. 16 is a cross -sectional view of anoth er embodiment of the permeable 
belt of Fig. 1 1 along section line B -B; 

Fig. 17 is a cross -sectional view of another embodiment of the permeable 
belt of Fig. 1 1 along section line A -A; 

Fig. 18 is a surface view of another embodiment of the permeable belt of 
the present invention; 

Fig. 19 is a side view of a portion of the permeable belt of Fig. 18; 

Fig. 20 is a cross -sectional schematic diagram of still another advanced 
dewatering system with an embodiment of a belt press according to the present 
invention; 

Fig. 21 is an enlarged partial view of one dewatering fabric which can be 
used on the advanced dewatering systems of the present invention; 

Fig. 22 is an enlarged partial view of another dewatering fabric which can 
be used on the advanced dewaterin g systems of the present invention; 

Fig. 23 is a exaggerated cross -sectional schematic diagram of one 
embodiment of a pressing portion of the advanced dewatering system according 
to the present invention; 
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Fig. 24 is a exaggerated cross -sectional schematic diagram of another 
embodiment of a pressing portion of the advanced dewatering system according 
to the present invention; 

Fig. 25 is a cross -sectional schematic diagram of still another advanced 
dewatering system with another embodiment of a belt press according to the 
present invention; 

Fig. 26 is a partial side view of an optional permeable belt which may be 
used in the advanced dewatering systems of the present invention; 

Fig. 27 is a partial side view of another optional permeable belt which 
may be used in the advanced dewatering systems of the present invention; 

Fig. 28 is a cross -sectional schematic diagram of still another advanced 
dewatering system with an embodiment of a belt press which uses a pressing 
shoe according to the present invention; 

Fig. 29 is a cross -sectional schematic diagram of still another advanced 
dewatering system with an embodiment of a belt press which uses a press roll 
according to the present invention; 

Fig. 30a illustrates an area of an Ashworth metal belt which can be used 
in the invention. The portions of the belt which are shown in black represent the 
contact area whereas the portions of the belt shown in white represent the non - 
contact area; 

Fig. 30b illustrates an area of a Cambridge metal belt which can be used 
in the invention. The portions of the belt which are shown in black represent the 
contact area whereas the portions of the belt shown in white represent the non - 
contact area; and 

Fig. 30c illustrates an area of a Voith Fabrics link fabric which can be 
used in the invention. The portions of the belt which are shown in black 
represent the contact area whereas the portions of the belt shown in white 
represent the non -contact area. 
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[0088] Corresponding reference characters indicate corresponding parts 

throughout the several views. The exemplary embodiments set out herein 
illustrate one or more acceptable or preferred embodiments of the invention, and 
such exemplifications are not to be construed as limiting the scope of the 
invention in any manner. 

DETAILED DESCRIPTION OF THE INVENTION 
[0089] The particulars shown herein are by way of example and for 
purposes of illustrative discussion of the embodiments of the present invention 
only and are presented in the cause of providing what is believed to be the most 
useful and readily understood description of the principles and conceptual 
aspects of the present invention. In this regard, no attempt is made to show 
structural details of the present invention in more detail than is necessary for the 
fundamental understanding of the present invention, the description is taken with 
the drawings making apparent to those skilled in the art how the forms of the 
present invention may be embodied in practice. 

[0090] Referring now to the drawings, Fig. 1 shows a diagra m of the 

Advanced Dewatering System (ADS) that utilizes a main pressure field in the 
form of a belt press 18. A formed web W is carried by a structured fabric 4 to a 
vacuum box 5 that is required to achieve a solids level of between approximately 
15% and approximately 25% on a nominal 20 gsm web running at between 
approximately -0.2 and approximately -0.8 bar vacuum, and can preferred 
operate at a level of between approximately -0.4 and approximately -0.6 bar. A 
vacuum roll 9 is operated at a vacuum level of between approximately -0.2 and 
approximately -0.8 bar, preferably it is operated at a level of approximately -0.4 
bar or higher. The belt press 18 includes a single fabric run 32 capable of 
applying pressure to the non -sheet contacting side of the str uctured fabric 4 that 
carries the web W around the suction roll 9. The fabric 32 is a continuous or 
endless circulating belt that guided around a plurality of guide rolls and is 
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characterized by being permeable. An optional hot air hood 11 is arranged 
within the belt 32 and is positioned over the vacuum roll 9 in order to improve 
dewatering. The vacuum roll 9 includes at least one vacuum zone Z and has 
circumferential length of between approximately 200 mm and approximately 
2500 mm, preferably between approximately 800 mm and approximately 1800 
mm, and more preferably between approximately 1200 mm and approximately 
1600 mm. The thickness of the vacuum roll shell can preferably be in the range 
of between approximately 25 mm and approximately 75 mm. The mean airflow 
through the web 1 12 in the area of the suction zone Z can be approximately 150 
m 3 /min per meter machine width. The solid level leaving the suction roll 9 is 
between approximately 25% and approximately 55% depending on the installed 
options, and is preferably greater than approximately 30%, is more preferably 
greater than approximately 35%, and is even more preferably greater than 
approximately 40%. An optional pick up vacuum box 12 can be used to make 
sure that the sheet or web W follows the structured fabric 4 and separates from 
a dewatering fabric 7. It should be noted that the direction of air flow in a first 
pressure field (i.e., vacuum box 5) and the main pressure field (i.e., formed by 
vacuum roll 9) are opposite to each other. The sys tern also utilizes one ore 
more shower units 8 and one or more Uhle boxes 6. 

[0091] There is a significant increase in dryness with the belt press 18. 
The belt 32 should be capable of sustaining an increase in belt tension of up to 
approximately 80 KN/m without being destroyed and without destroying web 
quality. There is roughly about a 2% more dryness in the web W for each 
tension increase of 20 KN/m. A synthetic belt may not achieve a desired file 
force of less than approximately 45 KN/m and the belt may stretch too much 
during running on the machine. For this reason, the belt 32 can, for example, be 
a pin seamable belt, a spiral link fabric, and possibly even a stainless steel metal 
belt. 
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[0092] The permeable belt 32 can have yarns interlinked by entwining 
generally spiral woven yarns with cross yams in order to form a link fabric. Non - 
limiting examples of this belt can include a Ashworth Metal Belt, a Cambridge 
Metal belt and a Voith Fabrics Link Fabric and are shown in Figs. 30a -c. The 
spiral link fabric described in this specification can also be made of a polymeric 
material and/or is preferably tensioned in the range of between approximately 30 
KN/m and 80 KN/m, and preferably between approximately 35 KN/m and 
approximately 50 KN/m. This prov ides improved runnability of the belt, which is 
not able to withstand high tensions, and is balanced with sufficient dewatering of 
the paper web. Fig. 30a illustrates an area of the Ashworth metal belt which is 
acceptable for use in the invention. The po rtions of the belt which are shown in 
black represent the contact area whereas the portions of the belt shown in white 
represent the non -contact area. The Ashworth belt is a metal link belt which is 
tensioned at approximately 60 KN/m. The open area may b e between 
approximately 75% and approximately 85%. The contact area may be between 
approximately 15% and approximately 25%. Fig. 30b illustrates an area of a 
Cambridge metal belt which is preferred for use in the invention. Again, the 
portions of the be It which are shown in black represent the contact area whereas 
the portions of the belt shown in white represent the non -contact area. The 
Cambridge belt is a metal link belt which is tensioned at approximately 50 KN/m. 
The open area may be between appro ximately 68% and approximately 76%. 
The contact area may be between approximately 24% and approximately 32%. 
Finally, Fig. 30c illustrates an area of a Voith Fabrics link fabric which is most 
preferably used in the invention. The portions of the belt wh ich are shown in 
black represent the contact area whereas the portions of the belt shown in white 
represent the non -contact area. The Voith Fabrics belt may be a polymer link 
fabric which is tensioned at approximately 40 KN/m. The open area may be 
between approximately 51% and approximately 62%. The contact area may be 
between approximately 38% and approximately 49%. 
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[0093] The dewatering fabric 7 can be of a very thin construction, which 

reduces the amount of water being carried by an order of magnitu de to improve 
dewatering efficiency and reduce / eliminate the rewetting phenomena seen with 
prior art structures. However, there does not appear to any gain in dryness in a 
belt press which presses over a thin anti -rewet membrane. Thicker and softer 
belt structures benefit more from the belt press. A needle batt structure felt may 
be a better option for the belt 7. By heating the dewatering fabric 7 to as much 
as approximately 50 degrees C, it is possible to achieve as much as 
approximately 1.5% more dryness. For all dwell times above approximately 50 
ms, the dwell time does not appear to affect dryness, and the higher the vacuum 
level in the roll 9, the higher the dryness of the web W. 

[0094] As regards the fiber suspension used for the web W, ther e can 
also be a significant gain in dryness by using a high consistency refiner versus a 
low consistency refiner. A lower SR degree, less fines, more porosity results in 
better a dewatering capability. There can also be advantageous in using the 
right furnish. By running comparison trials between high consistency refining 
(approximately 30% consistency) and low consistency refining (approximately 
4.5% consistency), the inventors were able to achieve the same tensile strength 
needed for tissue towel paper , but with less refining degree. The same tensile 
strength was achieved by refining 100% softwood to 17 SR instead of 21 SR, 
i.e., it resulted in approximately 4 degrees less Schopper Riegler. By comparing 
high consistency refining to low consistency ref ining at the same refining degree, 
i.e., at 17 SR, the inventors were able to achieve 30% more tensile strength with 
the high consistency refining. The high consistency refining was accomplished 
with a thickener, which can be a wire press or a screw press , followed by a disc 
dispenser with a refining filling. This is possible for tissue papers because the 
required tensile strength is low. To reach the tensile target for towel paper, the 
inventors used two passes through the disc dispenser. The big advan tage of the 
above-noted process is to reduce refining, thus resulting in less fines, lower 
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WRV (water retention value), more porosity and better dewatering capability for 
the ADS concept. With better dewatering capacity it is possible to increase 
machine speed, and in addition, the lower refining degree increases paper 
quality. 

[0095] Embodiments of the main pressure field include a suction roll or a 

suction box. Non -limiting examples of such devices are described herein. The 
mean airflow speed through the sheet or web in the main pressure field is 
preferably approximately 6 m/s. 

[0096] Non-limiting examples or aspects of the dewatering fabric 7 will 

now be described. One preferred structure is a traditional needle punched press 
fabric, with multiple layers of bat fiber, wherein the bat fiber ranges from between 
approximately 0.5 dtex to approximately 22 dtex. The belt 7 can include a 
combination of different dtex fibers. It can also preferably contain an adhesive to 
supplement fiber to fiber bonding, for example, low melt fibers or particles, 
and/or resin treatments. The belt 7 may be a thin structure which is preferably 
less than approximately 1.50 mm thick, or more preferably less than 
approximately 1 .25 mm, and most preferably less than approxim ately 1 .0 mm. 
The belt 7 can include weft yarns which can be multifilament yarns usually 
twisted/plied. The weft yarns can also be solid mono strands usually less than 
approximately 0.30 mm diameter, preferably approximately 0.20 mm in diameter, 
or as low as approximately 0.10 mm in diameter. The weft yarns can be a single 
strand, twisted or cabled, or joined side by side, or a flat shape. The belt 7 can 
also utilize warp yarns which are monofilament and which have a diameter of 
between approximately 0.30 mm and approximately 0.10 mm. They may be 
twisted or single filaments which can preferably be approximately 0.20 mm in 
diameter. The belt 7 can be needled punched with straight through drainage 
channels, and may preferably utilize a generally uniform needling. The belt 7 
can also include an optional thin hydrophobic layer applied to one of its surfaces 
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with, e.g., an air perm of between approximately 5 to approximately 100 cfm, and 
preferably approximately 19 cfm or higher, most preferably approximate ly 35 cfm 
or higher. The mean pore diameter can be in the range of between 
approximately 5 to approximately 75 microns, preferably approximately 25 
microns or higher, more preferably approximately 35 microns or higher. The belt 
7 can be made of various synthetic polymeric materials, or even wool, etc., and 
can preferably be made of polyamides such as, e.g., Nylon 6. 

[0097] An alternative structure for the belt 7 can be a woven base cloth 
laminated to an anti-rewet layer. The base cloth is woven endless structure 
using between approximately 0.10 mm and approximately 0.30 mm, and 
preferably approximately 0.20 mm diameter monofilament warp yarns (cross 
machine direction yarns on the paper machine) and a combination multifilament 
yarns usually twisted/plied - The yarns can also be solid mono strands usually 
less than approximately 0.30 mm diameter, preferably approximately 0.20 mm in 
diameter, or as low as approximately 0.10 mm in diameter. The weft yarns can 
be a single strand, twisted or cabled, joined si de by side, or a flat shape weft 
(machine direction yarns on the paper machine). The base fabric can be 
laminated to an anti-rewet layer, which preferably is a thin elastomeric cast 
permeable membrane. The permeable membrane can be approximately 1.05 
mm thick, and preferably less than approximately 1 .05 mm. The purpose of the 
thin elastomeric cast membrane is to prevent sheet rewet by providing a buffer 
layer of air to delay water from traveling back into the sheet, since the air needs 
to be moved before the water can reach the sheet. The lamination process can 
be accomplished by either melting the elastomeric membrane into the woven 
base cloth, or by needling two or less thin layers of bat fiber on the face side 
with two or less thin layers of bat fiber on the back side to secure the two layers 
together. An optional thin hydrophobic layer can be applied to the surface. This 
optional layer can have an air perm of approximately 130 cfm or lower, 
preferably approximately 100 cfm or lower, and most prefera bly approximately 
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80 cfm or lower. The belt 7 may have a mean pore diameter of approximately 
140 microns or lower, more preferably approximately 100 microns or lower, and 
most preferably approximately 60 microns or lower. 

[0098] Another alternative stru cture for the belt 7 utilizes an anti -rewet 
membrane which includes a thin woven multifilament textile cloth laminated to a 
thin perforated hydrophobic film, with an air perm of 35 cfm or less, preferably 25 
cfm or less, with a mean pore size of 15 microns . 

[0099] The belt may also preferably utilize vertical flow channels. These 

can be created by printing polymeric materials on to the fabric. They can also 
be created by a special weave pattern which uses low melt yarns that are 
subsequently thermoformed to create channels and air blocks to prevent 
leakage. Such structures can be needle punched to provide surface 
enhancements and wear resistance. 

[0100] The fabrics used for the belt 7 can also be seamed/joined on the 
machine socked on when the fabrics are already joined. The on-machine 
seamed/joined method does not interfere with the dewatering process. 

[0101] The surface of the fabrics 7 described in this application can be 
modified to alter surface energy. They can also have blocked in -plane flow 
properties in order to force exclusive z -direction flow. 

[0102] Fig. 1 can also have the following configuration. A belt press 18 

fits over the vacuum roll 9. A permeable fabric 32 run is capable of applying 
pressure to the non -sheet contacting side of the structured fabric 4 that carries 
the web W around the suction roll 9. The single fabric 32 is characterized by 
being permeable. An optional hot air hood 11 is fit over the vacuum roll 9 inside 
the belt press 18 to improve dewatering. The permeable fabric 32 used in the 
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belt press 18 is a specially designed Extended Nip Press (ENP) belt, for 
example a flexible reinforced polyurethane belt, which provides a low level of 
pressing in the range of between approximately 30 to approximately 150 KPa, 
and preferably greater than approximately 100 KPa. This means, for example, 
for a suction roll 9 with a diameter of approximately 1 .2 meters, the fabric tension 
of belt 32 can be greater than approximately 30 KN/m f and preferably greater 
than approximately 50 KN/m. The pressing length can be shorter, equal to, or 
longer the circumferential length of the suction zone Z of the roll 9. The ENP 
belt 32 can have grooves or it can have a monoplaner surface. The fabric 32 can 
have a drilled hole pattern, so that the sheet W is impacted with both pressing 
and vacuum with air flow simultaneously. The combination has been shown to 
increase sheet solids by as much as approximately 15%. The specially designed 
ENP belt is only an example of a particular fabric that can be u sed for this 
process and is by no means the only type of structure that can be used. One 
essential feature of the permeable fabric 32 for the belt press 18 is a fabric that 
can run at abnormally high running tension (i.e., approximately 50 KN/m or 
higher) with relatively high surface contact area (i.e., approximately 10 % or 25% 
or greater) and a high open area (i.e., approximately 25% or greater). 

[0103] An example of another option for belt 32 is a thin spiral link fabric. 
The spiral link fabric can be used alone as the fabric 32 or, for example, it can 
be arranged inside the ENP belt. As described above, the fabric 32 rides over 
the structured fabric 4 applying pressure thereon. The pressure is then 
transmitted through the structured fabric 4 which is carrying the web W. The high 
basis weight pillow areas of the web W are protected from this pressure as they 
are within the body of the structured fabric 4. Therefore, this pressing process 
does not impact negatively on web quality, but increases the dewa tering rate of 
the suction roll. The belt 32 used in the belt press shown in Fig. 1 can also be of 
the type used in the belt presses described with regard to Figs. 9 -28 herein. 
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[0104] The invention also provides that the suction roll 9 can be arrange d 

between the former and a Yankee roll. The sheet or web W is carried around 
the suction roll 9. The roll has a separate fabric 32 which runs with a specially 
designed dewatering fabric 7. It could also have a second fabric run below the 
dewatering fabric 7 to further disperse the air. The web W comes in contact with 
the dewatering fabric 7 and is dewatering sufficiently to promote transfer to a hot 
Yankee / Hood for further drying and subsequent creping. Fig 2 shows several 
of the possible add-on options to enhance the process. However, it is by no 
means is a complete list, and is shown for demonstrations purposes only. An 
aspect of the invention provides for forming a light weight tissue web on a 
structured fabric 4 (which can also be a an imprinting or TAD fabric) and 
providing such a web W with sufficient solids to affect transfer to the Yankee 
Dryer for subsequent drying, creping, and reeling up. 

[0105] Referring back to Fig. 2, a vacuum box 5 is utilized to achieve a 

solids level of between app roximately 15% and approximately 25% on a nominal 
20 gsm web W running at between approximately -0.2 bar to approximately -0.8 
bar vacuum, and can preferably operate at a level of between approximately -0.4 
bar and approximately -0.6 bar. The vacuum roll 9 is operated at a vacuum level 
of between approximately -0.2 bar to approximately - 0.8 bar, and is preferably 
operated at a level of between approximately -0.4 bar or higher. An optional hot 
air hood 11 is fit over the vacuum roll 9 to improve dewaterin g. The 
circumferential length of the vacuum zone Z inside the vacuum roll 9 can be from 
between approximately 200 mm to approximately 2500 mm, is preferably 
between approximately 800 mm and approximately 1800 mm, and is more 
preferably between approximately 1200 mm and approximately 1600 mm. By 
way on non-limiting example, the thickness of the vacuum roll shell can 
preferably be in the range of between approximately 25 mm and approximately 
75 mm. The mean airflow through the web 1 12 in the area of the su ction zone Z 
can be approximately 150 m 3 /min per meter machine width. The solids leaving 
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the suction roll 9 can be between approximately 25% to approximately 55% 
depending on the installed options, and is preferably greater than approximately 
30%, even more preferably greater than approximately 35%, and most 
preferably greater than approximately 40%. 

[0106] An optional vacuum box 12 can be used to ensure that the sheet or 
web W follows the structured fabric 4 after the vacuum roll 9. An optional 
vacuum box with hot air supply hood 13 could also be used to increase sheet 
solids after the vacuum roll 9 and before a Yankee cylinder 16. A wire turning 
roll 14 can also be utilized. As can be seen in Fig. 2a, the roll 14 can be a 
suction turning roll with hot air supply hood 1 1 \ By way of non -limiting example, 
the standard pressure roll 15 can also be a shoe press with shoe width of 
approximately 80 mm or higher, and is preferably approximately 120 mm. or 
higher, and it may utilize a maximum peak pressure whi ch is preferably less than 
approximately 2.5 MPa. To create an even longer nip, in order to facilitate web 
transfer to the Yankee roll 16 from the belt 4, the web W with the structured 
fabric 4 is brought into contact with a surface of the Yankee roll 16 p rior to the 
press nip formed by the roll 15 and the Yankee roll 16. Alternatively, the 
structured fabric 4 can be in contact with the surface of the Yankee roll 16 for 
some distance following the press nip formed by the roll 15 and the Yankee roll 
16. According to another alternative possibility, both or the combination of these 
features can be utilized. 

[0107] As can be seen in Fig.2, the arrangement utilizes a headbox 1, a 
forming roll 2 which can be solid or a suction forming roll, a forming fabric 3 
which can be a DSP belt, a plurality of Uhle boxes 6, 6\ a plurality of showers 8, 
8', and 8", a plurality of savealls 10, 10', and 10", and a hood 17. 

[0108] Fig. 3 shows yet another embodiment of the Advanced Dewatering 

System. This embodiment is generally the same as the embodiment shown in 
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Fig. 2 and with the addition of a belt press 18 arranged on top of the suction roll 
9 instead of a hot hood. The belt press 18 includes a single fabric run 32. The 
fabric 32 is permeable beat that is capable of applying pressure to the non -sheet 
contacting side of the structured fabric 4 that carries the web W around the 
suction roll 9. The permeable fabric 32 can be of any type described in the 
instant application as forming a belt press with a suction roll or with suction box 
such as belt 32, described with regard to e.g., Figs. 1 and 4 -8. 

[0109] Fig. 4 shows yet another embodiment of an Advanced Dewatering 
System. The system is similar to that of Figs. 2 and 3 and uses both a belt press 
18 described with regard to Fig. 3 and the hood 11 of the type described with 
regard to Fig. 2. The hood 1 1 is a hot air supply hood and is placed over the 
permeable fabric 4. The fabric 4 can be, e.g., an ENP belt or a spiral link fabric 
of the type described in this application. As with many of the previous 
embodiments, the belt 4 rides over top of the structured fabric 4 that carries the 
web W. As was the case with previous embodiments, the web W is arranged 
between the structured belt 4 and the dewatering belt 7 in such a way that the 
web B is in contact with the dewatering fabric 7 as it wraps around the suction 
roll 9. In this way, the dewatering of the wed W is facilitated. 
[01 10] Fig. 5 shows yet another embodiment of the Advanced Dewatering 
System. This embodiment is similar to that of Fig. 3 except that between the 
suction roll 9 and the Yankee roll 16 (and instead of the suction box and hood 
1 3) there is arranged a boost dryer BD for additional web drying prior to transfer 
of the web W to the Yankee roll 16 and the pressing point between rolls 15 and 
16. The value of the boost dryer BD is that it provides additional drying to the 
system/process so that the machine will have an increased production capacity. 
The web W is carried into the boost dryer BD while on the structured fabric 4. 
The sheet or web W is then brought in contact with the hot surface of the boost 
dryer roll 19 and is carried around the hot roll exiting significantly dryer than it 
was coming into the boost dryer BD. A woven fabric 22 rides o n top of the 
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structured fabric 4 around the boost dryer roll 19. On top of this woven fabric 22 
is a specially designed metal fabric 21 which is in contact with both the woven 
fabric 22 and a cooling jacket 20 that is applying pressure to all fabrics 4, 2 1 , 22 
and web W. Here again, the high basis weight pillow areas of the web W are 
protected from this pressure as they are within the body of the structured fabric 
4. As a result, this pressing arrangement/process does not impact negatively on 
web quality, but instead increases the drying rate of the boost dryer BD. The 
boost dryer BD provides sufficient pressure to hold the web W against the hot 
surface of the dryer roll 19 thus preventing blistering. The steam that is formed 
at the knuckle points in the structured fabric 4, which passes through the woven 
fabric 22, is condensed on the metal fabric 21. The metal fabric 21 is made of a 
high thermal conductive material and is in contact with the cooling jacket 20. 
This reduces its temperature to well belo w that of the steam. The condensed 
water is then captured in the woven fabric 22 and subsequently dewatered using 
a dewatering apparatus 23 after leaving the boost dryer roll 19 and before 
reentering once again. 

[0111] The invention also contemplates th at, depending on the size of the 

boost dryer BD, the need for the suction roll 9 can be eliminated. A further 
option, once again depending on the size of the boost dryer BD, is to actually 
crepe on the surface of the boost dryer roll 19 thus eliminating t he need for a 
Yankee Dryer 16. 

[0112] Figure 6 is yet another embodiment of the Advanced Dewatering 
System. The system is similar to that of Fig. 3 except that between the suction 
roll 9 and Yankee roll 16 there is arranged an air press 24. By way of non- 
limiting example, the air press 24 is four roll cluster press that is used with high 
temperature air, i.e., it can be HPTAD. The air press 24 is used for additional 
web drying prior to the transfer of the web W to the Yankee roll 16 and the 
pressing point formed between the roll 16 and roll 15. Alternatively, one could 
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use a U-shaped box arrangement as depicted in US 6,454,904 and/or US 
6,096,169, the disclosures of which are hereby expressly incorporated by 
reference in their entireties. Such device s are used for mechanical dewatering, 
instead of Through Air drying (TAD). As shown in Fig. 6, the system 24 or four 
roll cluster press, includes a main roll 25, a vented roll 26, and two cap rolls 27. 
The purpose of this cluster is to provide a sealed c hamber that is capable of 
being pressurized. When sealed correctly, there may be a slight pressing effect 
at each of the roll contact points. This pressing effect is applied only to the 
raised knuckle points of the fabric 4. In this way, the pillow areas of the fabric 4 
remain protected and sheet quality is maintained. The pressure chamber 
contains high temperature air, for example, at approximately 150 degrees C or 
higher, and is at a significantly higher pressure than conventional Through Air 
Drying (TAD) technology. The pressure may, for example, be greater than 
approximately 1 .5 PSI resulting a much higher drying rate then a conventional 
TAD. As a result, less dwell time is required, and the HPTAD 24 can be sized 
significantly smaller than a convent ional TAD drum in order to fit easily into the 
system. In operation, the high pressure hot air passes through an optional air 
dispersion fabric 28, through the sheet W carried on the structured fabric 4, and 
then into the vented roll 26. The optional air dispersion fabric 28 may be needed 
to prevent the sheet W from following one of the cap rolls 27 in the four roll 
cluster. The fabric 28 must be very open (i.e., it may have a high air permeability 
which is greater than or equal an air permeability of the structured fabric 4). The 
drying rate of the HPTAD 24 depends of the entering sheet solids level, but is 
preferably greater than or equal to approximately 500 kg/hr/m 2 , which represents 
a rate of at least twice that of conventional TAD machines. 

[0113] The advantages of the HPTAD system/process are manly in the 
area of improving sheet dewatering without a significant loss in sheet quality, 
compactness of size of the system, and improved energy efficiency. The system 
also provides for higher pre -Yankee solids levels in the web W, which increases 
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the speed potential of the inventive system/process. As a result, the invention 
provides for an increase in the production capacity of the paper machine. Its 
compact size, for example, means that the HPTAD coul d easily be retrofit to an 
existing machine, thereby making it a cost effective option to increase the speed 
capability of the machine. This would occur without having a negative effect on 
web quality. The compact size of the HPTAD, and the fact that it i s a closed 
system, also means it can be easily insulated and optimized as a unit whose 
operation results in an increased energy efficiency. 

[0114] Fig. 7 shows yet another embodiment of an Advanced Dewatering 
System. The system is similar to that of Fi g. 6 and provides for a two pass 
option for the HPTAD 24. The sheet W is carried through the four roll cluster 24 
by the structured fabric 4. In this case, two vented rolls 26 are used to double its 
dwell time. An optional air dispersion fabric 28 may be utilized. In operation, hot 
pressurized air passes through the sheet W carried on the structured fabric 4 
and then into two vent rolls 26. The optional air dispersion fabric 28 may be 
needed to prevent the sheet W from following one of the cap rolls 27 in the four 
roll cluster. In this regard, this fabric 28 needs to be very open (i.e., have a high 
air permeability that is greater than or equal to the air permeability of the 
impression fabric 4). 

[0115] Depending on the configuration and size of the H PTAD 24, for 
example, it may have more than one HPTAD 24 arranged in a series, the need 
for the suction roll 9 may be eliminated. The advantages of the two pass HPTAD 
24 shown in Fig. 7 are the same as for the one pass system 24 described with 
regard to Fig. 6 except that the dwell time is essentially doubled. 

[0116] Fig. 8 shows yet another embodiment of the Advanced Dewatering 
System. In this embodiment, a Twin Wire Former replaces the Crescent Former 
shown in Figs. 2-7. The forming roll 2 can be eit her a solid roll or an open roll. If 
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an open roll is used, care must be taken to prevent significant dewatering 
through the structured fabric 4 to avoid losing fiber density (basis weight) in the 
pillow areas. The outer wire or forming fabric 3 can be eit her a standard forming 
fabric or a DSP belt (e.g., of the type disclosed in US patent 6,237,644, the 
disclosure of which is hereby expressly incorporated by reference in its entirety). 
The inner forming fabric 29 must be a structured fabric which is much coarser 
than the outer forming fabric 3. Following the twin wire former, the web W is 
subsequently transferred to another structured fabric 4 using a vacuum device 
30. The transfer device 30 can be a stationary vacuum shoe or a vacuum 
assisted rotating pick-up roll. The structured fabric 4 utilizes at least the same 
coarseness, and preferably is coarser than the structured fabric 29. From this 
point on, the system can use many of the similarly designated features of the 
embodiments described above includ ing all the various possible options 
described in the instant application. In this regard, reference number 31 
represents possible features such as, e.g., devices 13, BD and 24, described 
above with regard to Figs. 2 -7. The quality generated from this sy stem/process 
configuration is competitive with conventional TAD paper systems, but not as 
great as from the systems/processes previously described. The reason for this is 
that the high fiber density (basis weight) pillows generated in the forming 
process will not necessarily be in registration with the new pillows formed during 
the wet shaping process (vacuum transfer 30 and subsequently the wet molding 
vacuum box 5). Some of these pillow areas will be pressed, thus losing some of 
the benefit of this embod iment. However, this system/process option will allow 
for running a differential speed transfer, which has been shown to improve sheet 
properties (See e.g., US Patent 4,440,597). 

[0117] As explained above, Fig. 8 shows an additional dewatering/drying 
option 31 arranged between the suction roll 9 and the Yankee roll 17. By way of 
non-limiting example, the device 31 can have the form of a suction box with hot 
air supply hood, a boost dryer, an HPTAD, and conventional TAD. 



i 
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[0118] It should be noted that conventional TAD is a viable option for a 
preferred embodiment of the invention. Such an arrangement provides for 
forming the web W on a structured fabric 4 and having the web W stay with that 
fabric 4 until the point of transfer to the Yankee 16, depend ing on its size. Its 
use, however, is limited by the size of the conventional TAD drum and the 
required air system. Thus, it is possible to retrofit an exiting conventional TAD 
machine with a Crescent Former consistent with the invention described herein. 

[0119] Fig. 9 shows still another advanced dewatering system ADS for 

processing a fibrous web W. System ADS includes a fabric 4, a suction box 5, a 
vacuum roll 9, a dewatering fabric 7, a belt press assembly 18, a hood 1 1 (which 
may be a hot air hood), a pick up suction box 12, a Uhle box 6, one or more 
shower units 8, and one or more savealls 10. The fibrous material web W enters 
system ADS generally from the right as shown in Fig. 9. The fibrous web W is a 
previously formed web (i.e., previously form ed by a mechanism of the type 
described above) which is placed on the fabric 4. As is evident from Fig. 9, the 
suction device 5 provides suctioning to one side of the web W, while the suction 
roll 9 provides suctioning to an opposite side of the web W. 

[0120] Fibrous web W is moved by fabric 4 in a machine direction M past 

one or more guide rolls and past a suction box 5. At the vacuum box 5, sufficient 
moisture is removed from web W to achieve a solids level of between 
approximately 15% and approximate ly 25% on a typical or nominal 20 gram per 
square meter (gsm) web running. The vacuum at the box 5 is between 
approximately -0.2 to approximately -0.8 bar vacuum, with a preferred operating 
level of between approximately -0.4 to approximately -0.6 bar. 

[0121] As fibrous web W proceeds along the machine direction M, it 
comes into contact with a dewatering fabric 7. The dewatering fabric 7 can be 
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an endless circulating belt which is guided by a plurality of guide rolls and is also 
guided around a suction roll 9. The dewatering belt 7 can be a dewatering fabric 
of the type shown and described in Figs. 21 or 22 herein or as described above 
with regard to the embodiments shown in Figs. 1 -8. The web W then proceeds 
toward vacuum roll 9 between the fabric 4 a nd the dewatering fabric 7. The 
vacuum roll 9 rotates along the machine direction M and is operated at a 
vacuum level of between approximately -0.2 to approximately -0.8 bar with a 
preferred operating level of at least approximately -0.4 bar. By way of non- 
limiting example, the thickness of the vacuum roll shell of roll 9 may be in the 
range of between approximately 25 mm and approximately 75 mm. An airflow 
speed through the web W in the area of the suction zone Z is provided. The 
mean airflow through the web W in the area of the suction zone Z can be 
approximately 150 m 3 /min per meter machine width. The fabric 4, web W and 
dewatering fabric 7 guided through a belt press 18 formed by the vacuum roll 9 
and a permeable belt 32. As is shown in Fig. 9, th e permeable belt 32 is a 
single endlessly circulating belt which is guided by a plurality of guide rolls and 
which presses against the vacuum roll 9 so as to form the belt press 18. 

[0122] The circumferential length of vacuum zone Z can be between 

approximately 200 mm and approximately 2500 mm, and is preferably between 
approximately 800 mm and approximately 1800 mm, and an even more 
preferably between approximately 1200 mm and approximately 1600 mm. The 
solids leaving vacuum roll 18 in web 12 will vary between approximately 25% to 
approximately 55% depending on the vacuum pressures and the tension on 
permeable belt as well as the length of vacuum zone Z and the dwell time of web 
12 in vacuum zone Z. The dwell time of web 12 in vacuum zone Z is sufficien t to 
result in this solids range of approximately 25% to approximately 55%. 

[0123] With reference to Figs. 10-13, there is shown details of one 
embodiment of the permeable belt 32 of belt press 18. The belt 32 includes a 
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plurality of through holes or th rough openings 36. The holes 36 are arranged in 
a hole pattern 38, of which Fig. 10 illustrates one non -limiting example thereof. 
As illustrated in Figs. 11-13, the belt 32 includes grooves 40 arranged on one 
side of belt 32, i.e., the outside of the bel t 32 or the side which contacts the 
fabric 4. The permeable belt 32 is routed so as to engage an upper surface of 
the fabric 4 and thereby acts to press the fabric 4 against web W in the belt 
press 18. This, in turn, causes web W to be pressed against th e fabric 7, which 
is supported thereunder by the vacuum roll 9. As this temporary coupling or 
pressing engagement continues around the vacuum roll 9 in the machine 
direction M, it encounters a vacuum zone Z. The vacuum zone Z receives air 
flow from the hood 11, which means that air passes from the hood 11, through 
the permeable belt 32, through the fabric 4, and through drying web W and 
finally through the belt 7 and into the zone Z. In this way, moisture is picked up 
from the web W and is transferred th rough the fabric 7 and through a porous 
surface of vacuum roll 9. As a result, the web W experiences or is subjected to 
both pressing and airflow in a simultaneous manner. Moisture drawn or directed 
into vacuum roll 9 mainly exits by way of a vacuum syste m (not shown). Some of 
the moisture from the surface of roll 9, however, is captured by one or more 
savealls 10 which are located beneath vacuum roll 9. As web W leaves the belt 
press 18, the fabric 7 is separated from the web W, and the web W continues 
with the fabric 4 past vacuum pick up device 12. The device 12 additionally 
suctions moisture from the fabric 4 and the web W so as to stabilize the web W. 

[0124] The fabric 7 proceeds past one or more shower units 8. These 

units 8 apply moisture to the fabric 7 in order to clean the fabric 7. The fabric 7 
then proceeds past a Uhle box 6, which removes moisture from fabric 7. 

[0125] The fabric 4 can be a structured fabric 14, having a three 
dimensional structure that is reflected in web W, thicker pil low areas of the web 
W are formed. These pillow areas are protected during pressing in the belt 
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press 18 because they are within the body of the structured fabric 4. As such, 
the pressing imparted by belt press assembly 18 upon the web W does not 
negatively impact web or sheet quality. At the same time, it increases the 
dewatering rate of vacuum roll 9. If the belt 32 is used in a No Press / Low 
Press apparatus, the pressure can be transmitted through a dewatering fabric, 
also known as a press fabric. In such a case, the web W is not protected with a 
structured fabric 4. However, the use of the belt 32 is still advantageous 
because the press nip is much longer than a conventional press, which results in 
a lower specific pressure and less or reduced sheet compaction of the web W. 

[0126] The permeable belt 32 shown in Figs. 10-13 can of the same type 
as described above with regard to belt 32 of Figs. 1 and 3 -8 and can provide a 
low level of pressing in the range of between approximately 30 KPa and 
approximately 150 KPa, and preferably greater than approximately 100 KPa. 
Thus, if the suction roll 9 has a diameter of 1 .2 meter, the fabric tension for belt 
32 can be greater than approximately 30 KN/m, and preferably greater than 
approximately 50 KN/m. The pressing length of permeable belt 32 against the 
fabric 4, which is indirectly supported by vacuum roll 9, can be at least as long 
as or longer than the circumferential length of the suction zone Z of roll 9. Of 
course, the invention also contemplates that the contact portion of permeable 
belt 32 (i.e., the portion of belt which is guided by or over the roll 9) can be 
shorter than suction zone Z. 

[0127] As is shown in Figs. 10-13, the permeable belt 32 has a pattern 38 
of through holes 36, which may, for example, be formed by drilling, laser cutting, 
etched formed, or woven therein. The permeable belt 32 may also be 
essentially monoplaner, i.e., formed without the grooves 40 shown in Figs. 
11-13. The surface of the belt 32 which has the grooves 40 can be placed in 
contact with the fabric 4 along a portion of the travel of permeable belt 32 in a 
belt press 18. Each groove 40 connects with a set or row of holes 36 so as to 
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allow the passage and distribution of air in the belt 34. Air is thus distributed 
along grooves 40. The grooves 40 and openings 36 thus constitute open areas 
of the belt 32 and are arranged adjacent to contact areas, i.e., areas where the 
surface of belt 32 applies pressure against the fabric 4 or the web W. Air enters 
the permeable belt 32 through the holes 36 from a side opposite that of the side 
containing the grooves 40, and then migrates into and along the grooves 40 and 
also passes through the fabric 4, the web W and the fabric 7. As cen be seen in 
Fig. 11, the diameter of holes 3 6 is larger than the width of the grooves 40. 
While circular holes 36 are preferred, they need not be circular and can have 
any shape or configuration which performs the intended function. Moreover, 
although the grooves 40 are shown in Fig. 13 as having a generally rectangular 
cross-section, the grooves 40 may have a different cross -sectional contour, such 
as, e.g., a triangular cross -section as shown in Fig. 13a, a trapezoidal cross - 
section as shown in Fig. 13c, and a semicircular or semi -elliptical cross-section 
as shown in Fig. 13b. The combination of the permeable belt 32 and the 
vacuum roll 9, is a combination that has been shown to increase sheet solids 
level by at least 15%. 

[0128] By way of non -limiting example, the width of the generally parall el 

grooves 40 shown in Fig. 1 1 can be approximately 2.5 mm and the depth of the 
grooves 40 measured from the outside surface (i.e.., the surface contacting belt 
14) can be approximately 2.5 mm. The diameter of the through openings 36 can 
be approximately 4 mm. The distance, measured (of course) in the width 
direction, between the grooves 40 can be approximately 5 mm. The longitudinal 
distance (measured from the center -lines) between the openings 36 can be 
approximately 6.5 mm. The distance (measured fro m the center-lines in a 
direction of the width) between the openings 36, rows of openings, or grooves 40 
can be approximately 7.5 mm. The openings 36 in every other row of openings 
can be offset by approximately half so that the longitudinal distance betw een 
adjacent openings can be half the distance between openings 36 of the same 
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row, e.g., half of 6.5 mm. The overall width of the belt 32 can be approximately 
1050 mm and the overall length of the endlessly circulating belt 32 can be 
approximately 8000 m m. 

[0129] Figs. 14-19 show other non -limiting embodiments of the permeable 

belt 32 which can be used in a belt press 18 of the type shown in Fig. 9. The 
belt 32 shown Figs. 14-17 may be an extended nip press belt made of a flexible 
reinforced polyurethane 42. It may also be a spiral link fabric 48 of the type 
shown in Figs. 18 and 19. The permeable belt 32 shown in Figs. 14-17 also 
provides a low level of pressing in the range of between approximately 30 and 
approximately 150 KPa, and preferably greater than approximately 100 KPa. 
This allows, for example, a suction roll with a 1 .2 meter diameter to provide a 
fabric tension of greater than approximately 30 KN/m, and preferably greater 
than approximately 50 KN/m. The pressing length of the permeable be It 32 
against the fabric 4, which is indirectly supported by vacuum roll 9, can be at 
least as long as or longer than suction zone Z in roll 9. Of course, the invention 
also contemplates that the contact portion of permeable belt 32 can be shorter 
than suction zone Z. 

[0130] With reference to Figs. 14 and 15, the belt 32 can have the form of 
a polyurethane matrix 42 which has a permeable structure. The permeable 
structure can have the form of a woven structure with reinforcing machine 
direction yams 44 a nd cross direction yarns 46 at least partially embedded within 
polyurethane matrix 42. The belt 32 also includes through holes 36 and 
generally parallel longitudinal grooves 40 which connect the rows of openings as 
in the embodiment shown in Figs 11 -13. 

[0131] Figs. 16 and 17 illustrate still another embodiment for the belt 32. 
The belt 32 includes a polyurethane matrix 42 which has a permeable structure 
in the form of a spiral link fabric 48. The fabric 48 at least partially embedded 
within polyuretha ne matrix 42. Holes 36 extend through belt 32 and may at least 
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partially sever portions of spiral link fabric 48. Generally parallel longitudinal 
grooves 40 also connect the rows of openings and in the above -noted 
embodiments. 

[0132] By way of non -limiting example, and with reference to the 

embodiments shown in Figs. 14-17, the width of the generally parallel grooves 
40 shown in Fig. 15 can be approximately 2.5 mm and the depth of the grooves 
40 measured from the outside surface (i.e.., the surface cont acting belt 14) can 
be approximately 2.5 mm. The diameter of the through openings 36 can be 
approximately 4 mm. The distance, measured (of course) in the width direction, 
between the grooves 40 can be approximately 5 mm. The longitudinal distance 
(measured from the center-lines) between the openings 36 can be approximately 
6.5 mm. The distance (measured from the center -lines in a direction of the 
width) between the openings 36, rows of openings, or grooves 40 can be 
approximately 7.5 mm. The openings 3 6 in every other row of openings can be 
offset by approximately half so that the longitudinal distance between adjacent 
openings can be half the distance between openings 36 of the same row, e.g., 
half of 6.5 mm. The overall width of the belt 32 can be ap proximately 1050 mm 
and the overall length of the endlessly circulating belt 32 can be approximately 
8000 mm. 

[0133] Figs. 18 and 19 shows yet another embodiment of the permeable 

belt 32. In this embodiment, yarns 50 are interlinked by entwining gener ally 
spiral woven yarns 50 with cross yams 52 in order to form link fabric 48. 

[0134] As with the previous embodiments, the permeable belt 32 shown in 
Figs. 18 and 19 is capable of running at high running tensions of between at 
least approximately 30 KN/m and at least approximately 50 KN/m or higher and 
may have a surface contact area of approximately 10% or greater, as well as an 
open area of approximately 15% or greater. The contact area may be 
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approximately 25% or greater, and the open area may be approximately 25% or 
greater. Preferably, the permeable belt 32 will have an open area between 
approximately 50%, and 85 %. The composition of permeable belt 32 shown in 
Figs. 18 and 19 may include a thin spiral link structure having a support layer 
within permeable belt 32. Further, permeable belt 32 may be a spiral link fabric 
having a contact area of between approximately 10% and approximately 40%, 
and an open area of between approximately 60% to approximately 90%. 

[0135] The process of using the advanced dewatering system ADS shown 
in Fig. 9 will now be described. The ADS utilizes belt press 182 to remove water 
from web W after the web is initially formed prior to reaching belt press 18. A 
permeable belt 32 is routed in the belt press 18 so as to e ngage a surface of 
fabric 4 and thereby press fabric 4 further against web W, thus pressing the web 
W against fabric 7, which is supported thereunder by a vacuum roll 7. The 
physical pressure applied by the belt 32 places some hydraulic pressure on the 
water in web W causing it to migrate toward fabrics 4 and 7. As this coupling of 
web W with fabrics 4 and 7, and belt 32 continues around vacuum roll 9, in 
machine direction M, it encounters a vacuum zone Z through which air is passed 
from a hood 11, through the permeable belt 32, through the fabric 4, so as to 
subject the web W to drying. The moisture picked up by the air flow from the 
web W proceeds further through fabric 7 and through a porous surface of 
vacuum roll 9. In the permeable belt 32, the drying air from the hood 11 passes 
through holes 36, is distributed along grooves 40 before passing through the 
fabric 4. As web W leaves belt press 18, the belt 32 separates from the fabric 4. 
Shortly thereafter, the fabric 7 separates from web W, and the web W continues 
with the fabric 4 past vacuum pick up unit 12, which additionally suctions 
moisture from the fabric 4 and the web W. 

[0136] The permeable belt 32 of the present invention is capable of 
applying a line force over an extremely long nip, thereby ensuring a long dwell 
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time in which pressure is applied against web W as compared to a standard 
shoe press. This results in a much lower specific pressure, thereby reducing the 
sheet compaction and enhancing sheet quality. The present invention further 
allows for a simultaneous vacuum and pressing dewatering with airflow through 
the web at the nip itself. 

[0137] Fig. 20 shows another an advanced dewatering system 110 for 

processing a fibrous web 112. The system 110 includes an upper fabric 1 14, a 
vacuum roll 118, a dewatering fabric 120, a belt press assembly 122, a hood 124 
(which may be a hot air hood), a Uhle box 128, one or more shower units 130, 
one or more savealls 132, one or more heater units 129. The fibrous material 
web 112 enters system 110 generally from the right as shown in Fig. 12. The 
fibrous web 112 is a previously formed web (i.e., previously formed by a 
mechanism not shown) which is placed on the fabric 114. As was the case in 
Fig. 9, a suction device (not shown but similar to device 1 6 in Fig. 9) can provide 
suctioning to one side of the web 112, while the suction roll 118 provides 
suctioning to an opposite side of the web 112. 

[0138] The fibrous web 1 12 is moved by fabric 114 in a machine direction 

M past one or more guide rolls. Although it may not be necessary, before 
reaching the suction roll, the web 112 may have sufficient moisture is removed 
from web 112 to achieve a solids level of between approximately 15% and 
approximately 25% on a typical or nominal 20 gram per square met er (gsm) web 
running. This can be accomplished by vacuum at a box (not shown) of between 
approximately -0.2 to approximately -0.8 bar vacuum, with a preferred operating 
level of between approximately -0.4 to approximately -0.6 bar. 

[0139] As fibrous web 112 proceeds along the machine direction M, it 
comes into contact with a dewatering fabric 120. The dewatering fabric 120 can 
be an endless circulating belt which is guided by a plurality of guide rolls and is 
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also guided around a suction roll 118. The web 112 then proceeds toward 
vacuum roll 118 between the fabric 114 and the dewatering fabric 120. The 
vacuum roll 118 can be a driven roll which rotates along the machine direction M 
and is operated at a vacuum level of between approximately -0.2 to 
approximately -0.8 bar with a preferred operating level of at least approximately - 
0.4 bar. By way of non -limiting example, the thickness of the vacuum roll shell of 
roll 118 may be in the range of between 25 mm and 50 mm. An airflow speed is 
provided through the web 1 12 in the area of the suction zone Z. The fabric 114, 
web 112 and dewatering fabric 120 is guided through a belt press 122 formed by 
the vacuum roll 118 and a permeable belt 134. As is shown in Fig. 12, the 
permeable belt 1 34 is a single endles sly circulating belt which is guided by a 
plurality of guide rolls and which presses against the vacuum roll 118 so as to 
form the belt press 122. To control and/or adjust the tension of the belt 134, a 
tension adjusting roll TAR is provided as one of the guide rolls. 

[0140] The circumferential length of vacuum zone Z can be between 
approximately 200 mm and approximately 2500 mm, and is preferably between 
approximately 800 mm and approximately 1800 mm, and an even more 
preferably between approximately 1 200 mm and approximately 1600 mm. The 
solids leaving vacuum roll 118 in web 112 will vary between approximately 25% 
to approximately 55% depending on the vacuum pressures and the tension on 
permeable belt as well as the length of vacuum zone Z and the dwe II time of web 
1 12 in vacuum zone Z. The dwell time of web 1 12 in vacuum zone Z is sufficient 
to result in this solids range of approximately 25% to approximately 55%. 

[0141] The press system shown in Fig. 20 thus utilizes at least one upper 
or first permeable belt or fabric 1 14, at least one lower or second belt or fabric 
120 and a paper web 112 disposed therebetween, thereby forming a package 
which can be led through the belt press 122 formed by the roll 118 and the 
permeable belt 134. A first surface of a pressure producing element 134 is in 
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contact with the at least one upper fabric 114. A second surface of a supporting 
structure 118 is in contact with the at least one lower fabric 120 and is 
permeable. A differential pressure field is provided betw een the first and the 
second surfaces, acting on the package of at least one upper and at least one 
lower fabric and the paper web therebetween. In this system, a mechanical 
pressure is produced on the package and therefore on the paper web 112. This 
mechanical pressure produces a predetermined hydraulic pressure in the web 
112, whereby the contained water is drained. The upper fabric 114 has a bigger 
roughness and/or compressibility than the lower fabric 120. An airflow is caused 
in the direction from the at least one upper 1 14 to the at least one lower fabric 
120 through the package of at least one upper fabric 114, at least one lower 
fabric 120 and the paper web 112 therebetween. 

[0142] The upper fabric 114 can be permeable and/or a so-called 
"structured fabric". By way of non -limiting examples, the upper fabric 114 can be 
e.g., a TAD fabric. The hood 124 can also be replaced with a steam box which 
has a sectional construction or design in order to influence the moisture or 
dryness cross -profile of the web. 

[0143] With reference to Fig. 21 , the lower fabric 120 can be a membrane 
or fabric which includes a permeable base fabric BF and a lattice grid LG 
attached thereto and which is made of polymer such as polyurethane. The 
lattice grid LG side of the fabric 120 can be in contact with the suction roll 118 
while the opposite side contacts the paper web 112. The lattice grid LG may be 
attached or arranged on the base fabric BF by utilizing various known 
procedures, such as, for example, an extrusion technique or a screen printing 
technique. As shown in Fig. 21 , the lattice grid LG can also be oriented at an 
angle relative to machine direction yarns MDY and cross -direction yarns CDY. 
Although this orientation is such that no part of the lattice grid LG is aligned with 
the machine direction yarns MDY, other orientations such as that shown in Fig. 
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22 can also be utilized. Although the lattice grid LG is shown as a rather uniform 
grid pattern, this pattern can also be discontinuous and/or non -symmetrical at 
least in part. Further, the material between the interconnections of the lattice 
structure may take a circuitous path rather than being substantially straight, as is 
shown in Fig. 21 . Lattice grid LG can also be made of a synthetic, such as a 
polymer or specifically a polyurethane, which attaches itself to the base fabric 
BF by its natural adhesion properties. Making the lattice grid LG of a 
polyurethane provides it with good frictional properties, such that it seats well 
against the vacuum roll 118. This, then forces vertical airflow and eliminates any 
"x, y plane" leakage. The velocity of the air is sufficient to prevent any re -wetting 
once the water makes it through the lattice grid LG. Additionally, the lattice grid 
LG may be a thin perforated hydrophobic film having an air permeability of 
approximately 35 cfm or less, preferably approximately 25 cfm. The pores or 
openings of the lattice grid LG can be approximately 15 microns. The lattice grid 
LG can thus provide good vertical airflow at hig h velocity so as to prevent rewet. 
With such a fabric 120, it is possible to form or create a surface structure that is 
independent of the weave patterns. 

[0144] With reference to Fig. 22, it can be seen that the lower dewatering 
fabric 120 can have a side which contacts the vacuum roll 118 which also 
includes a permeable base fabric BF and a lattice grid LG. The base fabric BF 
includes machine direction multifilament yarns MDY and cross -direction 
multifilament yarns CDY and is adhered to the lattice gr id LG, so as to form a so 
called "anti -rewet layer". The lattice grid can be made of a composite material, 
such as an elastomeric material, which may be the same as the as the lattice 
grid described in Fig. 21 . As can be seen in Fig. 22, the lattice grid LG can itself 
include machine direction yarns GMDY with an elastomeric material EM being 
formed around these yarns. The lattice grid LG may thus be composite grid mat 
formed on elastomeric material EM and machine direction yarns GMDY. In this 
regard, the grid machine direction yarns GMDY may be pre -coated with 
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elastomeric material EM before being placed in rows that are substantially 
parallel in a mold that is used to reheat the elastomeric material EM causing it to 
re-flow into the pattern shown as grid LG in Fig. 22. Additional elastomeric 
material EM may be put into the mold as well. The grid structure LG, as forming 
the composite layer, in then connected to the base fabric BF by one of many 
techniques including the laminating of the grid LG to the p ermeable base fabric 
BF, melting the elastomeric coated yarn as it is held in position against the 
permeable base fabric BF or by re -melting the grid LG to the permeable base 
fabric BF. Additionally, an adhesive may be utilized to attach the grid LG to th e 
permeable base fabric BF. The composite layer LG should be able to seal well 
against the vacuum roll 118 preventing "x,y plane" leakage and allowing vertical 
airflow to prevent rewet. With such a fabric, it is possible to form or create a 
surface structure that is independent of the weave patterns. 

[0145] The belt 120 shown in Figs. 21 and 22 can also be used in place of 
the belt 20 shown in the arrangement of Fig. 9. 

[0146] Fig. 23 show an enlargement of one possible arrangement in a 

press. A suction support surface SS acts to support the fabrics 120, 114, 134 
and the web 112. The suction support surface SS has suction openings SO. 
The surface SS may be generally flat in the case of a suction arrangement which 
uses a suction box of the type show n in, e.g., Fig. 24. Preferably, the suction 
surface SS is a moving curved roll belt or jacket of the suction roll 118. In this 
case, the belt 134 can be a tensioned spiral link belt of the type already 
described herein. The belt 114 can be a structured fabric and the belt 120 can 
be a dewatering felt of the types described above. In this arrangement, moist air 
is drawn from above the belt 134 and through the belt 114, web 112, and belt 
120 and finally through the openings SO and into the suction roll 118. Another 
possibility shown in Fig. 24 provides for the suction surface SS to be a moving 
curved roll belt or jacket of the suction roll 118 and the belt 114 to be a 
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SPECTRA membrane. In this case, the belt 134 can be a tensioned spiral link 
belt of the type already described herein. The belt 120 can be a dewatering felt 
of the types described above. In this arrangement, also moist air is drawn from 
above the belt 134 and through the belt 114, web 112, and belt 120 and finally 
through the openings SO and into the suction roll 118. 

[0147] Fig. 25 illustrates another way in which the web 112 can be 

subjecting to drying. In this case, a permeable support fabric SF (which can be 
similar to fabrics 20 or 120) is moved over a suction box SB. The suction box 
SB is sealed with seals S to an underside surface of the belt SF. A support belt 
114 has the form of a TAD fabric and carries the web 112 into the press formed 
by the belt PF, and pressing device PD arranged therein, and the support belt 
SF and stationary suction box SB. The circulating pressing belt PF can be a 
tensioned spiral link belt of the type already described herein and/or of the type 
shown in Figs. 26 and 27. The belt PF can also alternatively be a groove belt 
and/or it can also be permeable. In this arrangement, the pressing device PD 
presses the belt PF with a pressing force PF against the belt SF while the 
suction box SB applies a vacuum to the belt SF, web 1 12 and belt 1 14. During 
pressing, moist air can be drawn from at least the bel 1 1 14, web 112 and belt SF 
and finally into the suction box SB. 

[0148] The upper fabric 114 can thus transport the web 1 12 to and away 
from the press and/or pressing system. The web 112 can lie in the three - 
dimensional structure of the upper fabric 114, and therefore it is not flat, but 
instead has also a three-dimensional structure, which produces a high bulky 
web. The lower fabric 120 is also permeable. The design of the lower fabric 
120 is made to be capable of storing water. The lower fabric 120 a Iso has a 
smooth surface. The lower fabric 120 is preferably a felt with a batt layer. The 
diameter of the batt fibers of the lower fabric 120 can be equal to or less than 
approximately 11 dtex, and can preferably be equal to or lower than 
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approximately 4.2 dtex, or more preferably be equal to or less than 
approximately 3.3 dtex. The batt fibers can also be a blend of fibers. The lower 
fabric 120 can also contain a vector layer which contains fibers from at least 
approximately 67 dtex, and can also cont ain even courser fibers such as, e.g., at 
least approximately 100 dtex, at least approximately 140 dtex, or even higher 
dtex numbers. This is important for the good absorption of water. The wetted 
surface of the batt layer of the lower fabric 120 and/or of the lower fabric 120 
itself can be equal to or greater than approximately 35 m 2 /m 2 felt area, and can 
preferably be equal to or greater than approximately 65 m 2 /m 2 felt area, and can 
most preferably be equal to or greater than approximately 100 m 2 /m 2 felt area. 
The specific surface of the lower fabric 120 should be equal to or greater than 
approximately 0.04 m 2 /g felt weight, and can preferably be equal to or greater 
than approximately 0.065 m 2 /g felt weight, and can most preferably be equal to 
or greater than approximately 0.075 m 2 /g felt weight. This is important for the 
good absorption of water. 

[0149] The compressibility (thickness change by force in mm/N) of the 
upper fabric 114 is lower than that of the lower fabric 120. This is important in 
order to maintain the three-dimensional structure of the web 112, i.e., to ensure 
that the upper belt 1 14 is a stiff structure. 

[0150] The resilience of the lower fabric 120 should be considered. The 
density of the lower fabric 120 should be equal to or higher than approximately 
0.4 g/cm 3 , and is preferably equal to or higher than approximately 0.5 g/cm 3 , and 
is ideally equal to or higher than approximately 0.53 g/cm 3 . This can be 
advantageous at web speeds of greater than 1200 m/min. A reduced felt vol ume 
makes it easier to take the water away from the felt 120 by the air flow, i.e., to 
get the water through the felt 120. Therefore the dewatering effect is smaller. 
The permeability of the lower fabric 120 can be lower than approximately 80 cfm, 
preferably lower than 40 cfm, and ideally equal to or lower than 25 cfm. A 
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reduced permeability makes it easier to take the water away from the felt 120 by 
the air flow, i.e., to get the water through the felt 120. As a result, the re -wetting 
effect is smaller. A too high permeability, however, would lead to a too high air 
flow, less vacuum level for a given vacuum pump, and less dewatering of the felt 
because of the too open structure. 

[0151] The second surface of the supporting structure, i.e., the surface 
supporting the belt 120, can be flat and/or planar. In this regard, the second 
surface of the supporting structure SF can be formed by a flat suction box SB. 
The second surface of the supporting structure SF can preferably be curved. 
For example, the second surface of the supporting structure SS can be formed 
or run over a suction roll 1 18 or cylinder whose diameter is, e.g., approximately 
g.t. 1 m. The suction device or cylinder 118 may comprise at least one suction 
zone Z. It may also comprise two suet ion zones Z1 and Z2 as is shown in Fig. 
28. The suction cylinder 218 may also include at least one suction box with at 
least one suction arc. At least one mechanical pressure zone can be produced 
by at least one pressure field (i.e., by the tension of a belt) or through the first 
surface by, e.g., a press element. The first surface can be an impermeable belt 
134, but with an open surface towards the first fabric 114, e.g., a grooved or a 
blind drilled and grooved open surface, so that air can flow from o utside into the 
suction arc. The first surface can be a permeable belt 134. The belt may have 
an open area of at least approximately 25%, preferably greater than 
approximately 35%, most preferably greater than approximately 50%. The belt 
134 may have a contact area of at least approximately 10%, at least 
approximately 25%, and preferably up to approximately 50% in order to have a 
good pressing contact. 

[0152] Fig. 28 shows another an advanced dewatering system 210 for 

processing a fibrous web 212. The system 210 includes an upper fabric 214, a 
vacuum roll 218, a dewatering fabric 220 and a belt press assembly 222. Other 
optional features which are not shown include a hood (which may be a hot air 
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hood), one or more Uhle boxes, one or more shower units, one or more savealls, 
and one or more heater units, as is shown in Figs. 9 and 20. The fibrous 
material web 212 enters system 210 generally from the right as shown in Fig. 28. 
The fibrous web 212 is a previously formed web (i.e., previously formed by a 
mechanism not shown) which is placed on the fabric 214. As was the case in 
Fig. 9, a suction device (not shown but similar to device 16 in Fig. 9) can provide 
suctioning to one side of the web 212, while the suction roll 218 provides 
suctioning to an oppos ite side of the web 212. 

[0153] The fibrous web 212 is moved by the fabric 214, which may be a 

TAD fabric, in a machine direction M past one or more guide rolls. Although it 
may not be necessary, before reaching the suction roll 218, the web 212 may 
have sufficient moisture is removed from web 212 to achieve a solids level of 
between approximately 15% and approximately 25% on a typical or nominal 20 
gram per square meter (gsm) web running. This can be accomplished by 
vacuum at a box (not shown) of between approximately -0.2 to approximately 
-0.8 bar vacuum, with a preferred operating level of between approximately -0.4 
to approximately -0.6 bar. 

[0154] As fibrous web 212 proceeds along the machine direction M, it 
comes into contact with a dewatering f abric 220. The dewatering fabric 220 ( 
which can be any type described herein) can be endless circulating belt which is 
guided by a plurality of guide rolls and is also guided around a suction roll 218. 
The web 212 then proceeds toward vacuum roll 218 be tween the fabric 214 and 
the dewatering fabric 220. The vacuum roll 218 can be a driven roll which 
rotates along the machine direction M and is operated at a vacuum level of 
between approximately -0.2 to approximately -0.8 bar with a preferred operating 
level of at least approximately -0.4 bar. By way of non -limiting example, the 
thickness of the vacuum roll shell of roll 218 may be in the range of between 25 
mm and 75 mm. The mean airflow through the web 212 in the area of the 
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suction zones Z1 and Z2 can be approximately 150 m 3 /min per meter machine 
width. The fabric 214, web 212 and dewatering fabric 220 are guided through a 
belt press 222 formed by the vacuum roll 218 and a permeable belt 234. As is 
shown in Fig. 28, the permeable belt 234 is a sing le endlessly circulating belt 
which is guided by a plurality of guide rolls and which presses against the 
vacuum roll 218 so as to form the belt press 122. To control and/or adjust the 
tension of the belt 234, one of the guide rolls may be a tension adjus ting roll. 
This arrangement also includes a pressing device arranged within the belt 234. 
The pressing device includes a journal bearing JB, one or more actuators A, and 
one or more pressing shoes PS which are preferably perforated- 

[0155] The circumferential length of at least vacuum zone Z2 can be 
between approximately 200 mm and approximately 2500 mm, and is preferably 
between approximately 800 mm and approximately 1800 mm, and an even more 
preferably between approximately 1200 mm and approximate! y 1600 mm. The 
solids leaving vacuum roll 218 in web 212 will vary between approximately 25% 
to approximately 55% depending on the vacuum pressures and the tension on 
permeable belt 234 and the pressure from the pressing device PS/A/JB as well 
as the length of vacuum zone Z2, and the dwell time of web 212 in vacuum zone 
Z2. The dwell time of web 212 in vacuum zone Z2 is sufficient to result in this 
solids range of between approximately 25% to approximately 55%. 

[0156] Fig. 29 shows another an advanced dewatering system 310 for 

processing a fibrous web 312. The system 310 includes an upper fabric 314, a 
vacuum roll 318, a dewatering fabric 320 and a belt press assembly 322. Other 
optional features which are not shown include a hood (which may be a hot ai r 
hood), one or more Uhle boxes, one or more shower units, one or more savealls, 
and one or more heater units, as is shown in Figs. 9 and 20. The fibrous 
material web 312 enters system 310 generally from the right as shown in Fig. 29. 
The fibrous web 312 is a previously formed web (i.e., previously formed by a 
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mechanism not shown) which is placed on the fabric 314. As was the case in 
Fig. 9, a suction device (not shown but similar to device 16 in Fig. 9) can provide 
suctioning to one side of the web 312, while the suction roll 318 provides 
suctioning to an opposite side of the web 312. 

[0157] The fibrous web 312 is moved by fabric 314, which can be a TAD 

fabric, in a machine direction M past one or more guide rolls. Although it may 
not be necessary, before reaching the suction roll 318, the web 212 may have 
sufficient moisture is removed from web 212 to achieve a solids level of 
between approximately 15% and approximately 25% on a typical or nominal 20 
gram per square meter (gsm) web running. This can be accomplished by 
vacuum at a box (not shown) of between approximately -0.2 to approximately 
-0.8 bar vacuum, with a preferred operating level of between approximately -0.4 
to approximately -0.6 bar. 

[0158] As fibrous web 312 proceeds along the machine direction M, it 

comes into contact with a dewatering fabric 320. The dewatering fabric 320 ( 
which can be any type described herein) can be endless circulating belt which is 
guided by a plurality of guide rolls and is also guided around a suction roll 318 . 
The web 312 then proceeds toward vacuum roll 318 between the fabric 314 and 
the dewatering fabric 320. The vacuum roll 318 can be a driven roll which 
rotates along the machine direction M and is operated at a vacuum level of 
between approximately -0.2 to approximately -0.8 bar with a preferred operating 
level of at least approximately -0.4 bar. By way of non -limiting example, the 
thickness of the vacuum roll shell of roll 318 may be in the range of between 25 
mm and 50 mm. The mean airflow through the web 312 in the area of the 
suction zones Z1 and Z2 can be approximately 150 m 3 /min per meter machine 
width. The fabric 314, web 312 and dewatering fabric 320 are guided through a 
belt press 322 formed by the vacuum roll 318 and a permeable belt 334. As i s 
shown in Fig. 29, the permeable belt 334 is a single endlessly circulating belt 
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which is guided by a plurality of guide rolls and which presses against the 
vacuum roll 318 so as to form the belt press 322. To control and/or adjust the 
tension of the belt 334, one of the guide rolls may be a tension adjusting roll. 
This arrangement also includes a pressing roll RP arranged within the belt 334. 
The pressing device RP can be press roll and can be arranged either before the 
zone Z1 or between the two separ ated zones Z1 and Z2 at optional location OL. 

[0159] The circumferential length of at least vacuum zone Z1 can be 
between approximately 200 mm and approximately 2500 mm, and is preferably 
between approximately 800 mm and approximately 1800 mm, and an eve n more 
preferably between approximately 1200 mm and approximately 1600 mm. The 
solids leaving vacuum roll 318 in web 312 will vary between approximately 25% 
to approximately 55% depending on the vacuum pressures and the tension on 
permeable belt 334 and t he pressure from the pressing device RP as well as the 
length of vacuum zone Z1 and also Z2, and the dwell time of web 312 in vacuum 
zones Z1 and Z2. The dwell time of web 312 in vacuum zones Z1 and Z2 is 
sufficient to result in this solids range of betwee n approximately 25% to 
approximately 55%. 

[0160] The arrangements shown in Figs. 28 and 29 have the following 
advantages: if a very high bulky web is not required, this option can be used to 
increase dryness and therefore production to a desired value, b y adjusting 
carefully the mechanical pressure load. Due to the softer second fabric 220 or 
320, the web 212 or 312 is also pressed at least partly between the prominent 
points (valleys) of the three-dimensional structure 214 or 314. The additional 
pressure field can be arranged preferably before (no re -wetting), after, or 
between the suction area. The upper permeable belt 234 or 334 is designed to 
resist a high tension of more than approximately 30 KN/m, and preferably 
approximately 50 KN/m, or higher e. g., approximately 80 KN/M. By utilizing this 
tension, a pressure is produced of greater than approximately 0.5 bars, and 



-70- 



WO 2005/075736 



PCT/EP2005/050198 



preferably approximately 1 bar, or higher, may be e.g., approximately 1.5 bar. 
The pressure "p" depends on the tension a S M and the ra dius "R" of the suction 
roll 218 or 318 according to the well known equation, p=S/R. The upper belt 234 
or 334 can also be a stainless steel and/or a metal band and/or polymeric band. 
The permeable upper belt 234 or 334 can be made of a reinforced plastic or 
synthetic material. It can also be a spiral linked fabric. Preferably, the belt 234 
or 334 can be driven to avoid shear forces between the first fabric 214 or 314, 
the second fabric 220 or 320 and the web 212 or 312. The suction roll 218 or 
318 can also be driven. Both of these can also be driven independently. 
[0161] The permeable belt 234 or 334 can be supported by a perforated 
shoe PS for providing the pressure load. 

[0162] The air flow can be caused by a non -mechanical pressure field as 
follows: with an underpressure in a suction box of the suction roll (118, 218 or 
318) or with a flat suction box SB (see Fig. 25). It can also utilize an 
overpressure above the first surface of the pressure producing element 134, PS, 
RP, 234 and 334 by, e.g., by hood 124 (although not shown, a hood can also be 
provided in the arrangements shown in Figs. 25, 28 and 29), supplied with air, 
e.g., hot air of between approximately 50 degrees C and approximately 180 
degrees C, and preferably between approximately 120 degrees C and 
approximately 150 degrees C, or also preferably steam. Such a higher 
temperature is especially important and preferred if the pulp temperature out of 
the headbox is less than about 35 degrees C. This is the case for manufacturing 
processes without or with less stock refining. Of course, all or some of the 
above-noted features can be combined to form advantageous press 
arrangements. 

[0163] The pressure in the hood can be less than approximately 0.2 bar, 
preferably less than approximately 0.1, most preferably less than approximately 
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0.05 bar. The supplied air flow to the hood can be less or preferable equal to 
the flow rate sucked out of the suction roll 1 18, 218, or 318 by vacuum pumps. 

[0164] The suction roll 118, 218 and 318 can be wrapped partly by the 

package of fabrics 114, 214, or 314 and 120, 220, or 320, and the pressure 
producing element, e.g., the belt 134, 234, or 334, whereby the second fabric 
e.g., 220, has the biggest wrapping arc "a2 n and leaves the larger arc zone Z1 
lastly (see Fig. 28). The web 212 together with the first fabric 214 leaves 
secondly (before the end of the first arc zone Z2), and the pressure producing 
element PS/234 leaves firstly. The arc of the pressure producing element 
PS/234 is greater than an arc of the suction zone arc tt a2\ This is important, 
because at low dryness, the mechanical dewatering is more efficient than 
dewatering by airflow. The smaller suction arc "a1" should be big enough to 
ensure a sufficient dwell time for the air flow to reac h a maximum dryness. The 
dwell time T should be greater than approximately 40 ms, and preferably is 
greater than approximately 50 ms. For a roll diameter of approximately 1.2 mm 
and a machine speed of 1200 m/min, the arc tt a1 n should be greater than 
approximately 76 degrees, and preferably greater than approximately 95 
degrees. The formula is a1 = [dwell time * speed * 360 / circumference of the 
roll] . 

[0165] The second fabric 120, 220, 320 can be heated e.g., by steam or 

process water added to the flooded nip shower to improve the dewatering 
behavior. With a higher temperature, it is easier to get the water through the felt 
120, 220, 320. The belt 120, 220, 320 could also be heated by a heater or by 
the hood, e.g., 124. The TAD-fabric 114, 214, 314 can be heated especially in 
the case when the former of the tissue machine is a double wire former. This is 
because, if it is a crescent former, the TAD fabric 114, 214, 314 will wrap the 
forming roll and will therefore be heated by the stock which is in jected by the 
headbox. 
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[0166] There are a number of advantages of the process using any of the 
herein disclosed devices such as. In the prior art TAD process, ten vacuum 
pumps are needed to dry the web to approximately 25% dryness. On the other 
hand, with the advanced dewatering systems of the invention, only six vacuum 
pumps are needed to dry the web to approximately 35%. Also, with the prior art 
TAD process, the web must be dried up to a high dryness level of between about 
60 and about 75%, otherwise a poor moisture cross profile would be created. 
The systems of the instant invention make it possible to dry the web in a first 
step up to a certain dryness level of between approximately 30% to 
approximately 40%, with a good moisture cross profile. In a second stage, the 
dryness can be increased to an end dryness of more than approximately 90% 
using a conventional Yankee dryer combined the inventive system. One way to 
produce this dryness level, can include more efficient impingement drying via the 
hood on the Yankee. 

[0167] The instant application expressly incorporates by reference the entire 
disclosure of US patent application No. 10/972,431 entitled PRESS SECTION 
AND PERMEABLE BELT IN A PAPER MACHINE in the name of Jeffrey 
HERMAN et al. (Attorney Docket No. P25760). 

[0168] The entire disclosure of US patent application No. 10/768,485 filed on 
January 30, 2004 is hereby expressly incorporated by reference in its entirety. 

[0169] It is noted that the foregoing examples have been provided merely for 
the purpose of explanation and are in no way to be construed as limiting of the 
present invention. While the present invention has been described with 
reference to an exemplary embodiment, it is understood that the words that have 
been used are words of description and illustration, rather than words of 
limitation. Changes may be made, within the purview of the appended claims, 
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as presently stated and as amended, without departing from the scope and spirit 
of the present invention in its aspects. Although the invention has been 
described herein with reference to particular means, materials and 
embodiments, the invention is not intended to be limited to the particulars 
disclosed herein. Instead, the invention extends to all functionally equivalent 
structures, methods and uses, such as are within the scope of the appended 
claims. 



-74- 



